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- This course is for laboratory pérsonnel who can .
. perform basic bac%eriological laboratory procedures :
: . * such as sample inoculations, transfers, weighings and "~ ) .
. - related skills, . . -
4

. After successfully completing the course, the® ™, . ;
- N student will have increased knoWledge of all o e
aspects of sampling, analysis and data handling ) . . .

for bacteriological sampleg as required by Federal e .
*oa Register Guidelines for effluent monitoring and <0 '
° other witer quality programs. . . - ® ~

‘N

. - ] The training incorporates, classroom instruction - s
" and activity sessions, student performance of ,
- - laboratory assignments and follow-up discussions, * ’ ) .
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' FOREWORD

b o
These manuals are prepared for reference use of students en; olled in 8 heduled
training courses.of the Office of Water Program Operations, . S, Environmental
Protection Agency. . v .

-
. B

Lo
Due’to the limited availability of the manuals it*is not appropriate
. to cite them as technical references in b1bliographies or other forms
of publication.

’

-

References to products and manufacturers are for illustration only;
such references do not imply product endorsement by the Office of
Water Program Op/erations, ‘U, S, Environmental Protection .lfgency. .

~ -

-

. -

The reference outlines in this manual have been selected and developed with a
goal of previding the student with a fund of the best available current information
pertinent to the subject matter of the course. Individual instructors may provide
additional material to eover- special*aspects of their own p '/x/esentations.

This manual will be-useful to anyone who has need for information on the subJects
covered, However, it should be understood that the manual will have its greatest °
value as an adjunct tp elassroom presentationg, {The inherent advantages of
classroom presentation is in the giye-and-take discussions and exchange of mfor -1,
mation between and among students and the mstructional staff, , ,
Constructive suggestions for improvement in the coverage, contqnt, and format
of the rhanual are solicited and will be given full consideration,

I3
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. A Authonity

B ‘oﬁlsta;blis'hment . .

C. Current Guldelmes

FEDERAL REGISTE&GUIDELI,NE_S FOR CHEMICAL ANALYSES

FEDERAL REGISTER GUIDELINES

1 In 1972, section 304(g) of Public Law
92-500, required the EPA Administra-
tor to promulgate guidelines establishing
test procedures for the analys1's of pol-
lutants that.would include the' factors .
that must be provided in any state ce_rt1-
fication (section 401); or National

< Pollutant Ij;sgharge ‘Elimination System
(NPDES) permit apphcatlon (sectlon
402),

~

These test procednres are to be used

by applicants to demonstrate that efflu-’
ent discharges meet apphcable poliutant
d1scharge limitations, and by the states
and other enforcers in routine or random

«

monitoring of effluents to verify effective-

ness of pollution control measures,,

[y

v

«Following ; proposed listing there was a
period for reply by interested parties.
The first rulemaking was published in
the Federal Reglster on October 16, 19731

!

Propesed amendments and update were
publishé€d in.1975. The currept fuide-
_lines were issued in the D ber 1, 1976
Federal Register.

D Format . -

o’ }ytmal procedure can be found.’

The ""Approved Test Prooedures -gre
given in a table which lists 115 parameters,
the methodology to be used to determine
. them and either the page number yé stahdard
references or else a source where the aria=
</

‘e

!

il

1 Divisions.
The parameters are listed alphabetically
including four subcategories of related
tests:
a  bacteria. *
b metals
¢ radiolpgical
d residue

7

Standard References

Those cited most often as sources of
analytical procedures for the listings |
are the EPA Chemical Me{jhods Manual,
Standard Methods? ASTM® and U. S.
Geological Survey§ Other sources of
procedures are given in foptnotes to the
* Table. S . -

o M IS

EPA CHEMICAL METHODS MANUAL

B

A Analytical Procedures . .

-y «
The EPA Cliemical Methods Manual was
developed for the?r water c;@ity laboratories,
using Standard Methods and ASTM as basic /
references. In many cases, EPA modified -~

- methods {rom these sources or else deveIop—

ed methods suitable for their OWn laboratories
F/ B
Samphng and Preservatlon Technlques

e

The manual also contains a(é’ctlon on sam= -
pling and preservation, Thig is in tabular
form and contains information on ‘volumes
required for analysis, the type of container
that can be., used, preservation measures and
holdmg t1me,s. The current Eederal Reglster
references thls Table for recommendatlons ’
on these aspects of sample, handhng forNPDES/
Certiﬁcatmn purposes, f;

.
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) :Fede}‘alriReﬁs'ter Guidelines For Chemical Analyses

d i . . . .
, C Precidion and Accuraey Data .

Predision and aecuracy data from inter-
laboratory quality control stpdlhes are’
glven for most of tht methods <cited.

’

'\IETHODS NOT IN 1976 GUIDELINES

-

’

App;icatic_)n to Use

A‘system has-been established for-permit
holder's to apply for approval to use

methods not listed in the December 1, 1976 T~
Federal Register, One supplies reasons

for using an alternative method to the EPA #
Regional Administrator through the state
agency which issues certifications and/or-
permits. If the state does,not have such____“~
an agency, the application is submitted
d1rect1y to the EPA Regional Administtatox.

Order o} Procé ssxrgg o '

;

jefore approving such applications, the
Regional Administrator sends a copy to
“the Director of the EPA Environmental
' Monitoring and Support Liaboratory (EMSL)
for review and recommeéndation, If the
Regional Administrator rejects any appli- -
cation, a copy is also sent to EMSL. Within
90 days the applicant is te be notified (along
with the apprepriate state agency) of approval
or rejection. EMSL also-receives a copy of
approval or rejection notifications for purposes
/ of nationdl coordination.
éz\_{ REQUIRED ANALYSES
- . .
" Which measurements are to be dofie and
reported depend on the specifications, of
the individual c'ertﬁications or permits,

-

A Mandatory for s\ecomaéy Plaiits .,

By ,]'uly 1, .1977 all municdpal secondary
‘wastewater treatment plants will be re-
quired to measu rex;and report pH, BOD5
(biochemical oxygen demand), suspended
solids and flow, Many plants are required
to, repott these nov0. v -

B ~Add1t10na1 for Secondary Plants

Meagsurements which also may be required
of secondary treatment plants are fecal
coliform bacteria, res1dua1 chlorine,
settleable solids, cob (chemicalexygen

. demand), total phosphorus, anfthe nitrogen
'series (total KJeldahl N, NHy-N, NO~3-N.

‘ 'NO, -N) .

Municipalities and Industries

Other required analyses depend on local
factors for a municipglity. Each industry
has requirements pertinent to the processes
involved, - .

. R ~—
1 Non-specific ¢
. s
Non-specific measurements to assess
overall water quality might be required
like' acidity, alkalinity, color, turbidity,
specific cohductance,
Organies ' -
Vagious organic Analyses might be relevant ’
such as total'organic carbon, organi¢ niiro-
gen,phenols, oil and grease, surfactants,
pesticides, * . ' . '
. v,
Metals

Specified metals may be of interest.
Curr ently, the Federal Register lists
.35 trace metals in the. test procedure
guidelines, .
L s

Others P

Cyanidey bromide, chlorld‘ , fluorlde and

hardness are other measurements that

might ‘be requ1red TR ., Y

. ’ .

V METHODOLOGY AND‘SKILLS

~

¥

A Methodologya R

a - .

, The analytical methods specified-in the
Federal Register for these measurements
‘range ffom '""wet" proctedures ysing equip~

. ment commonly, found in most laboratorles,
to procetures, requ1r1ng spphlstlcated
mstrun;emts such as'an orgamc carbon
analyzer or ‘an atomic absorptlon unit,

. ©
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. A Saxnple

VII SUMMA'R?’

e which might be required for certification
s~ (PL 927500, gection 401) or for- NPDES -

" Federal Register Guidelines -For C.hemical ‘Analyses - ~ |

e

B Skills . o

. The degree of analytical skills required
to perform the analyses likewise varies,
-as does thé cost of haying such analyses
performed by service laboratories.

-~

V1L OTHER ANALYTICAL CONSIDERATIONS

o

ot e . .
The importance_of securing a represent-
ative sample of the type (grab or compo-

site) specified by the perm1t cannot be !

- over~stressed. .

B Record Keeping
Keeping complete and permanent records
about the sample is also egsential, Such
records include conditions when the samp)le
was collected, chain of custody.signatures’
-and details and results of analyses.
s {
C Quality Control - N
Whether the. analyses are done in-house
or by a service laboratory, an Analytical
Quality Control Program should be estab-
lished, Fifteen to twenty percent of ‘
analyhcal time (cost) should be given to
checking standard curves for.colorimetry,
andlyzing, duplicate samples to check pre-

cision and analyzing ‘spiked samples to v

~

check accuracy. Recording precision and
acciracy data on quality control charts is
an effective method of using such data as .
a daily check on analytidal performancex .
Th1s can also be done with'numbers
reported on "blind" gamples sént to
‘sérvice labs, . .

.
. /

The December 1, 1976 Federal Reg15ter
,promulgates guidelines estabhshmg test
procedures for the analysls of pollutants

permits (PL; 92- -500, sectidn 402).,

issue lists page, numbers in standard

references where procedl}res can be
4.foun'd to measuré'the 115 parameters

N

»

" 3" Methods for Chemical Analyses of Water ..~

»
.

s LI ' ° .
listed,” it also-updates the.regulations for
application to use methods not cited‘in the
guidelineg, The measurements which must
be made are specified by either a state
agency.or by U. S, EPA. Apparatus and
professional skijlls to do the measurements
will vary. Representative samples, com-
plete records and analyt1ca1 quality control
measures are all necessary elements for
pfoducing re11ab1e data. :

~ Lo

REFERENCES -

1 Federal Register, Vol 38, No-199, Tuesday,
October 16, 1973, Title 40, Chapfer 1,
Subchapter D, Part 136, page 28758,

. ¢ ",

2 Federal Register, Vol 41, No,/232, Wednes- °
day, December 1, 1976, Title 40, Chapter 1, .
Subchapter D, Part 136, page 52780.

\

and Wastes, 1974, EPA, EMSL, Cincinnati,
OChio, *

. . B'

4 Stahdard Methods for the Examination of

. Water and Wastewater, 14th ed., 1976,,

APHA Washington, D, C., *©

5 Annual Book of Standards, Part 31, Water,
1975, ASTM, Philadelphia, Pennsylyania.

8. Methods' for Collection and Analysis of
Water Samples for Dissolved Minerals . e
and Gases, U.S.G.S. Survey !
Techniqueb of Water - Resources
Inventory, Book 5, Chapter AI, 1970, <
U.S. GPO, Washington, D. C. ' , ...

. N B v

1

This outline was prepared by A, Ij." Kroner,

" Chémist, National Trainirig and Operational

Technology Center, MOTD, OWPO, USEPA, ° :;
Cincinnati, Qhip 45268 - .

.

Descriptor : Ghemical analysis, chemieal

. guidelines, self-monitoring requirements,

non-approtved analytical methods, NPDES
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Titie 40—Protection of Enwronmen'f

CHAPTER I—ENVIRONMENTAL
PROTECTION AGENCY c
SUBCHAPTER D—WATER PROGR.AMS
. (FRL 630-4]

FART 136—GUIDELINES esTRBLISHING
EST PROCEDURES FOR THE ANALYSIS
F POLLUTANTS ,,

Amendment of Regulations:

On June 9, 1975, proposed amendments
to the Gandelines Establishing Test Pro-
cedures for “the Analysis of Pollutants
«40 CFR 136) ware published in the Fep-
Eral RecisTer (4 FR 24535) as required
by section 303(g) of the Federai Water
PSllution Control Act Amendments of
1972 (86 Stat. 816, et-seq., Pub. L. 92-500,
1972 hereinafter referred to as the Act.

Section 304¢g» of the Act requires that
the Admumstrator shall promylgate
gumdelines establishing test progedures
for the analysis of pollutants that shall
include factors which must be provided

m: ) any certification pursuant to sec-|

tion 401 of the Act, or ¢2) any permit ap-
plhication pursuant to section 402 of the
Act. Sich test procedures are to be used
by permit applicants to demonstrate that
eflluent discharges meet applicable pol-
lutant discharge limmitations and by the
States and other enforcement activities
fnh routire or random momitoring of ef-
fluents to venfy comphance with pollu-
tion control measures.

Interested persons were requested to
submit written comments, suggestions, or

. —objectfons to the proposed amendments

~

E

by September 7. 1975. .One hundred and
thirty-five letters were received from
commenters. The following categories of
organizations were represented by the
comrhenters; Federal agencied accounted
for twenty-four responses; State agen-
cles accounted for twenty-six responses’
local agencies accounted for seventeen
responses; regulated major dischargers
accounted for forty-seven responses;
trade and professional organizations ac-
Toun for eight responses; analytical
instrument manufacturers and. vepdors
accounted for seven responses; and an-
alytical service laboratories accounted
for six responses. _ .

All cofmments were carefully evaluated
by a tdchnical review committee. Based
upon the review-of comments, the gollow-
ing principal changes to the proposed
amendments were made: -

1Ay Definitions. Section 136.2 has bee
amended to update references. Twen
commenters, representing the entire
spectrum of pesponding groups pointed
out that the-references cited in §§ 136.2
«fr, 136.2(g), and 136.2¢h) were out-of-
ofite §§ 136.2(17, 136.2() rand 136.2(h),
respectively, have been amended to shqw
the following editions of the standard
references: “14th Edition of .Standard
Methods for the Examination of Water
and Waste Water;” “1874 EPA Manual
of Methods for the Analysis of Water and
Waste;” and “Part 31, 1975 Annual Book
of ASTM-Standaids.”

(B) Identification;of Test Procedures.
Both the content and-format of § 1363,
~Table T, List of -Approved Test Proce-

Q ) FEDERAL REGISTER, VOL. 41, NO. 231°-WEPNESDA

Y, DTEDIER 1, 1976 J
,

RIC

Aruitoxt provided by Eic:

RULES }ND REGULATIONS
SN
dures” have'been revised in response to
m&fg‘y-o comments reteived fromn
S and local governments, inajor regu-
latedt dischargers, professional and trade
agsoclations, and analylical laboratories.

Table I has been revised by:

(1) The addition of a fourth’ column
of references which includes procedures
of the United Slates Geological Survey
which are equivalent to previously ap-
proved methods.

(2) The addition of a fifth column of
miscellanevus reférenives to procedures
which are equivelent to previously ap-
proved methods. o

<3, Listing generically reluted param;
eters alphabeticglly within four subcate-
gories. bactena, metals, radivlogicgl and.
residue, and by listing thesg¢ subcategory
headings 1n alphabetic sequence rel-
ative to the remaimng parameters.

14) Deleting the paraneter “Algicides”
and by entering the suugle rélevant algi-
cide, ‘ Pentachlorophenol” by 'its chemi-
cal hame. ..

(C) Clarification of Test Paramelers.
The.conditions _for analys;s of several
parameters h:ﬁyeen more specifically
defined as a refult of comnients réceived
by the Agency:

(1) In respon.e to five commepters
representing State or local govérnments,
major dischargers, or analytical instru-
ment manufacturers, the end-point for
the alkalinity deternunation 1s specifi-
cally designated as pH 4.5. .

(2) Manual digestion and distillation
are still required as necessary prelimi-
nary steps for the Kjeldahl nitrogen pro-
cedure. Analysis after suclr distillation
may be by Nessler color comparison,
titration, electrode, or alitoinated pheno~
late procédutes. .

(3). In response to eight commenters
representative of Federal and State gov-
ernments, major discha{gers, and ang-
lytical instrument manufacturers, man-
.ual distillation at PH 9.5 is now specified
for ammonia measurement.

(D) New Parameters and Analytical
Procedures. Forty-four new parameters
have been added to Table 1. In addition

to the designation of analytical proce--

dures for these new parameters, the fol-
lowing modifications have been made In
analytical procedures designated in re-
sponse to comments. . :
(1) The ortho-tolidine procédure was
. not. approved for the measurement of
,residual chlorine because of its poot ac-
curacy and precision. Its approval had
been requested by seven commenters rep-
resenfing major dischargers, State, or
local governments, and analytical instru-
ment manufacturers Instead ’ the NN«
diethyl-p-phenylenediamine (DPD)
method is approved as an interim pro-
cedure pending more intensive laboratory
testing. It has, many of the, advantages
of? the ortho-tolidine procedure such as
low cost, ease of operation, and alsa is of
acceptable precision and accuracy. ‘
(2) The Environmegntal Protection
Agency concurred with the American Dye
Manufacturers’ request to approve its
procediire for measurement of color, and
copies of the procedure are now available
atﬁthe Environmental Monitoring and

» C

E‘lxxpport Laborato1}, Cincinnati (EMSL-

(3) In response to three requests from
Federal, State goverBnents, and dis-
chargers..“hardness,” may be measured
as the sum of calciuin and magnesium
analyzed by atomic absorption and ex-
pressed as their carbonates. .

(4) 'The proposal to liiat measure-
ment of fecal coliform bactetis in:the
presence of chjotine to only thg “Most *
Probable Number”” (MPN) procedure has
been withdrawn in response to requests
from forty-five commeriters including
State pollution control agencies. permit
holders, analysts, treatment plant op-
etators, and a manufacturer of analyt-
ical supplies The membrane filter (MF)
procedure will continue to be an ap-
proved technique for the routihe meas-
urement of fecal colifiorm in the pre-
sence of chlorine. However, the MPN
procedure must be used to resolve con-
troversial situations, The technique
selected by the analyst must be reported:
with the data. * . .

(5) A total of fifteen gpjections, re-
presenting the entire spectrum ‘6f com-
menters, addressed the drying tempera-
tures used for measurement of residues
The use of different temperatures in dry-
ing of total residue, dissolved residye and
suspended residue was cited as not alléw-
ing direct intercomparability betyween
these measurements. Because the intent
of designating the, three separate residue
parameters is to measure separate waste
charactetistics (low drying temperatures
to measure volatile substances, high dry-
ing temperatures to measure anhydrous”
inorganic substances!, the difference in
drying. temperatures for these residue
parameters mus} be preserved. '

(E) Deletion of Mcasurement Tech-
niques. Somg mensurement techniques
that had been proposed have been.de-
leted in response to objections raised
during the*public comment period.

-(1) The proposed infrared spec-
trephotonf®tric analysis for oil and -
grease has been withdrawn. Eleven com-
menters representing Federal or: State
agencies and major dischargers claimed
that thl parameter is defined_by the,
measutement procedure. Any alteration
in the procedure would change the.def-
inition of the parameter. The Envirop-
mental Protection Agency agreed.

(2) The proposed separate parameter
for sulfide at concentraélbns beloyw 1
mg/l, has been with m. Methylene
blue spectrophotometry is now included
in 'Table I as an approved proceduyré for
sulfide analysis. The titrimetric «fodine
procedure for sulfide analysis may only
be used for analysis of sulfide at concen-~
trations f excess of one milligram per
liter. ' N

(F) Sample Preseryation and Holdigg
Timeg Criteria for sample preservation
anzrzmlple holding times were requested
by severat commenters. The reference for
sample preservation and holding time
criteria applicable to the Table I param-
eters is given in footnote (1) of Table X.

(G), Alternate Test Procedtres. Com-
ments pertaining to § 136.4, Applicatjont”
for Alternate Test Procedures, included
objections to various obstacles within

n
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these ,procedures for expeditious ap- Waterside Mall, 401 M . Street, SW., National Environniental Research Cen-
proval of alternate test procgdures. Four Washington, D.C. 20460, during normal ter, Cincinnati, Ohio 45268; U.8. Envi-"

analytical instrument manufacturers business hours, The EPA information

commented that by limiting of applica-
tion for review and, or approval of alter-
nate test procedures to NPDES permit
holders, § 136.4 became an impediment to .
the commercial development of new or
improved measurement devices based on
new measyrement principles. Applica-
tions for such review and/or approval

s will now be accepted {rom any person, -
: The: intent of the alternate tést pro-

cedure is to allow the use of measure-
ment systems which are known to be .
equivalent to the approved test proce-
dures In waste water discharges®
Applications for approval of alternate
test procedures applicable to specific dis--
charges will continue to be made only by
NPDES permit holders, and approval of
.such applications will be. made on a
case-by-case basis by the Regional Ad-
——— ministrator in whose Region the dis-

regulation 40 CFR 2 provides that a rea-
sonable fee may be cha.rg)ed for copying
such documents. ,

Effective date; These amendments be-
come effective on April 1, 1977. .

Dated: November 19, 1976.

JOUN QUARLES.
Acting Administrator,

Entironmental Hotegtim Agencys

Chapter I, Subchapter D; of Title 40,
Code of Federal Regulations {s amended
as fdllows:

1. Ini § 136.2, paragraphs (), (g), and
(h) are amended to read as follows:

§136.2 Definifions. - °

o
. LN *

ronmental Protection Agency, Office of
Technology Transfer, Industrial Envi- .
ronmental Research Laboratory, Cincin-
nati, Ohjo 45268. This publication is
available’ from the Office of Technolog,
Transfer. ‘

2. In '§ 136.3, \the second sentence of
paragraph (b) is amended, and a new
{)amgraph (c) is added to read as.fol-
ows: '

§936.3

(8) * * * Under, such circumstances,
additional test procedures for analysis
of pollutants may be specifieds by the
-Regional Adfiinpistrator or the Director
upon the recdmmendation of the Direc-
tor of the Environmental Monitoring and
Suppoit Laboratory, Cincinnati.

" Identification of test provedures.

\
«f) “Standard Methods"” meg,ns‘stand_ » (¢) Under certain circumstances, the

* charge is made. - + “rard Methods fots the Examination of Administrator may approve, upon rec-
Applications for-approval of alternaté Water and Waste Water, 14th Edition, ommendation by the Director, Environ-
test procedures which) are intended for 1976. This publication.is available from mental Monitoring and Support Labora-
nationwide use can now be submitted by " the American Public Health Association, tory, Cincinnati, additional alternate test

any person directly to the Director of the 1015 18th Street, N W., Washington, D.C.

Environmental Monitoring and Support
Laboratory in Cincinnati. Such applica-
tions should include a complete methods
write-up, any literature references, com-
parability data between the proposed al-
ternate test procedure and those already
approved by the Administrator. The ap-
plication should include precision and
. accuracy data of ‘the proposed alternate
test procedure and data confirming the
general qppucabmty of the test proce-
dure to the.industrial categories of waste
water for which it is intended. The Di-
rector of the Environmental Monitoring
and Support Laboratory, after review of
submitted information, will recommend

3

20036. . .
(g) “ASTM"” means Annual Book'of
Standards, Part 31, Water, 1975. This
publication is available from  the Ameri-
can Soclety for Testing and Materials,
1916 Race Street, Philadelphia, Pennsyl-
~vania 19103. . “ . )
th) “EPA Methods” means Methods
‘for Chemical Analysis o Water and
Waste, 1974, Methods Devélopment and
Quality Assurance Research Lahoratory;”

A

° /. .
. Tame I.—List of approved test /fccdurca‘

procedures for nationwide use.
3. Table I of § 136.3 is revised by listing

- the parameters alphabetically: by adding
.44 new parametess: by adding a fourth

colymn under references llsting equiva-
lént United States Geologfcal Survey
methods: by adding a fifth column under
references lsting miscellaneous equiva-
lent methods: by deleting footnotes 1
through 7 and adding 24 new footnotes.
toread as follows: . -

’

- ee e — = ”

e

.

References

approval or rejection of the application > - tor-and units Methud yo4 lbed, (aencs) - Other

t'; the ﬁdn::nlstrag;r. or lllxe véjlfl return Paranetar-and units . e methods methods PLIL USGS ‘n.f’_s’gﬁ:&
e application to the applicant for more .

information. Approval or rejection of ap- - ~ - ASTM . o

plications for test procedures intended T — S A

for nationwide use will be made byshe  lAcdiy; s CiCOS, mili Fleyomee exd point® . 1 m4d) b w0 e

Administrator, affer considering thpvreg- ’ grams per er, o~ Phthaiala end palat. )

ommendation made by the Difector 6f 2. Alkalinity, as CaCO?, willl- trometric _titzation 3 E I ) 4 1(607)

the Environmental Monitoring and Sup-, *+ ™™ lter. 4 ~° Loy Yo Pn!f'ﬁ manual I ceves vee vaan

port Laboratory, Cincinnati. Since. the™ 7 lent sutomated methods.”

Agency considers thesesprocedures for
approval 9! alternate test procedures for
nationwide use to be interiry procedures,
we will welcome suggestions for criteria
. for approval of alternate test procedures

: for nationwide use. Interested persons
*» 77 should submit their written-comments in
triplicate’on or before June 1, 1977 to:
Dr. Robert B. Medz. Environmental Pro-

3, Ammonis (as N),

L perliter. 9.5) foowed by

2 sation,  Utrs
trode, Automat
nolete.

A
BACTERIA ..
*4. Collform (fecal) ¥, number pef

* 5 vliform (feca)? In prese
A Jorm  (fo n nee ..
of chlorine, number per 100

Aoty

.
MPN’;‘meml-mua filter. .. .....
L[4

wlgrams uuiwanmmumomxn o s

.
alec-
phe

tection Technologisi, Monitoring Quality ¢ Camborm (Lotad);? nQInber Per .. .00 r —eovuerensoeen.
: Assurance Standardization, Office of' - ; .
. A . 7 Colif ¥ PN;* memabrane .
»  Monltoring aid Technical Support (RB- . of aine, unber b 100  mith ensmment. Gl -
%g;l"m lDlmén ;%l“?or Ot'ecqon L Y CYs o Pecal ’g’rg;meoecl,' number MPS‘.: t.L Bilter;
, D.C. . . per 3 . . Diate coun
», (H) Freedom of Information. A copy : : -
of all public comments, an analysis by * 1&' E?S‘éﬁi’i:;‘a’f‘ﬂl"’?ﬁ.‘%’“m“‘&f' 3%"%‘193“&"5’3'"“"" P

parameter of those comments, and docu-
- ments providing further information on

5;31(801)1), milligrams per
11. Bmml.de, mlﬂ(mmspu‘!!m..

°

tion). er electrode method.

Titrimetrie, lodine-lodate. ..
i

ttlﬁe'\'atlonale for the changes made in 1a‘gv‘.g311c)-)l _oxygen  demand Dichromatedtfus.........
ﬁna > milligrams per v : [
e 1 regulation are available for .= (GO0 LER B Sitver nitrals; messurio ok 11002 700

inspection -and copying at the Environ-
mental Protection Agency Public Infor-
mation Referencg’ Unit, Room 2922,

.

-

i

?

-

C. - .u .

.

or sutorsted colorl- |

. " * metricferricyanide,
Koo tomnotes it »nd of table. '
. . R . )
' .

s .
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., R . ‘RULES AND REGULATIONS . . ' : :
— N ) . ‘ ’
- ’ > . ¢ O
- b
) 2 1974 Ydhod (page nos.) OM )
Padnctersaduaits - . Method RPA m—-——l spproved . o o
. ‘ - . xnethods methods nn UBGB methods
- . . ~ ABTA ! s . . A
- — .
4. Chlorinated  organie  com- (ias cheomatography . se . voi. i iiemenccimman edrmcmmmen e avnenean e Lt
N pouuds (except pesticides), % Y ° ’-‘ [ard
uum ms per liter, . .
15. (.hlodno—-tommldual mml- !odomotrlctltmtio r A, . ‘.
grams per Jter. ometric or S!«N’cill ..
b end-point: DPD eolor!- ....... =N '
5 metric  or trimetric _......... *
inethods (these last 2 are L U
- {nterim methods pending
aboratory testi na?”
‘-’16. Color, plaunnig cobalt unlls Cojorimetrie; spectrophoto- - 38 e~
or dominant wave leugth, meulc. or ADML pro- k0]
hue, luminance, purity. . e f
l" Cynnfde wtal 0 mllllgmns l)istlllatlon followed by 0 :
- per i , silver nitrate titration or e
- gzr fdine pymazolone Jor
. rbituric acid) colors- -
inetric. *
18, Cyanldaumelmblawcmorm- .do .. . PR 49
stion, milliframs per . -
3 Dhaolved oxyzon mullznn)s Winkler (Arzide modifica- 51
) tion) or electrode method. 58 ¢
. %0, Fmoﬂda, mllli(mmspcrliter . Distillation ¢ followed by .. ....... +»
. . fohi electrode: SPADNS; 65 - A
. » orautomamLcomploxono. .'efl) o
. 31. Hardness—-Total, as CaC0y, EDTA titration:  euto- [ D SR T EN TR "26i7)' ‘ )
miliigrams pet liter, mated coloriwetne. or T0 e ccealemcvone o ce eececeicevasae .
atenmic absorption (suin e cvemes e e ek amieae = - e eecceeane . ‘
of ,Cs and Mg as ther -~ . .
. respective-carbonates).
2 H en fon (pID), pH uni(s. Fiectroietrio ineasuremant , 120 2(606) ..
- 3. il nitrogen (as N), Dlzeouon and distillation * 123 612)
. miiligrams per liter, ollowed by ne\ﬂmmuon. e e em ecemeues X
mnuon, or . elec A SR, ! ~
) sutomated dllrﬂtlo" nuto~ - -
/ ' Vs phenolate. , B -t 7 - .
- METALS s LA .
. . ~ -
. $4. Alumiufm—Tota), milligrains Digestion followed * by 92 152 &... - .
* petliter, tile atomic absorption Wor by* ... ... m ad .
< . %olorimnma' (Erigchromg, . .
. Alpmitur--pies pissolvod, muilE Mﬁl’ﬂﬂ“wﬁg ¥ fol- U e e eeseeaen . .
< < grams T meth- - ..
- o grams per ods for A tal sluminum, B ~ , !
98 Antimony—Total, miliigraws mgesuon " lol\owtd by e eiee e eimmvesieivammanen .
pet litac. miec ahsorptio \ ¢ 5
‘e, Mﬂmy—DM\M, mllu\o.ls micron ﬂlmtlon Mol- . L Acuqoneimeency svemvessaroas O - -
N grams Dev lter, i 1 by  referonced ) .
thod for totatsntimony. d
. =", Amnio—'l'olhl, milligrams Diﬁesuonlollowedbysllver e [ .
perditer ethyldiEhiooer bamates (11— . )
! or atornic absorpuon. 1 - - .
iy W, An“le-—?nlssolud minf- 0.45 mlemn mu-atlon L0 .~y -
grams pet low by freferonced o . * ’
B ‘ meth for total srsenic. , e,
30. Barlum—Total, mlmgnms D&gsuon U foliowed by
’ per liter, bsorption 10 e " ~
-3 Bulnm— Inolnd mjlif- 0.45 micton ﬂltntlon 1 fol: r o, °
. grams pet liter. owed b refere, .
v lhod for total basiunt. -
. 2. Beryluum—'l’oul. milligeams Dl{gﬂlon 1 followed by * - P
hd per liter. fon 1 or by,
- colorime! Aldininon). ; »
- : £ 4 nety]uum-—h)lktsolved, milij- 045 l‘t.fldeto mmtlon" fol- ...... veeanene SRR ; SU .
18 . . .
. e N oS dtor totat baraiiira. .
~ M, Bo‘;ou—'l‘ota], milligrams per Coforimetric (Curcumin).... 13 BT cceenanens eeccssenmnmanccnaee .
er., . v
- M—DMmd milligtaros  0.45 micron filtration B fol- L. ceeee eiiiviirie it e e ca e ee
s ° ; &w{ed&y“ r;!mneuhpa he . "
‘ (_sdmlum-—'l‘.ul, mllligrams mmuon i followsd by (101 8 MS  esemeen.-
. perliter, tomic absorption #or by ... . 182 cmte : - :
: “¥1. Cadmlum—Disoived, milil- 0.5 o Loation 7 1 ) - -
- - milil- 0. cron” on ¥ fol- ........ 4 . s . R ] .
geams per liter, © ed relom‘ “dnoed‘ I:‘nem- . -i b
s 8 miu! . » W
. . (‘alclmn—'l‘om, miliigrams mmuon u | followed™~by 108 . 148 M [ <%
[ perliter, RN leA us i foNS  Of wciecomeen ¢ 189, . . I
4. (,‘udum—-nln&lved  mi 045 45 niicron “,';,‘c“,’:,‘ 0oL e . . .
; " Y rel wmeth- RN o .
Y Cl‘“mmly w\'r Inigravos z“umm ot uad atomlc ab- 89, 105 o ' )
um VI, m x n ang atomic & . ,
_— e e fon; cokemtHe (DI- 1% 5 - - .
. .
41, Chromium * Vl-zmnolved, 0.25 maon THEAION 17 IO} leeneuerecncnascmnmmean ..................-_f.... .
roflligrams pefll wed by referenced meth- . [ ..
5 odlotc mmllh Vi, ’ . . PR 3 .
‘ 2. muwnmm-'rom milligrams  Digestion.t - l‘owod by 10 s M .78 Yoy - -
per it 5 stomie dhsorplionttorby ... 192 W T cecvenZonnn .
5 * eoksﬂumte ¢ {Diphenyl- . AR .
MR 43. thmmm—lt)bl‘_qaolved, mili- o.g m‘l’%on i'mn fon & lol mtemeene meseetesoeenvanrmeveeactann B SR ,' /
grams . refere 1ne! - N
per 11, . od!onoym chrot mrg. 1 2 ) ';}'
. . y ML
o S See foothoten at end of table, - * 3 RN
. . R N \ ‘. ° . 3 v L
. i . . N R .
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Patameter and units,

i

I o OGN oue
methods methods Pt.31 US methods
o R,

Method

“. Cobou—’l‘otal mijligrams per

1il
45.,Cobtlt—Diasolnd milli-
grams per liter.

48. C'bppslr—'l‘oml + mllhgmms

47, Copper - Dluolved milll-
grams per liter.

48. (.old—'l‘oml milligrams per
49. Irldlulm—'roml milligraros
50. Iron—'l‘otal mlmg;anm per

[

51, Iron—Dissolvedd,
pet litet,

- 82 L««d—‘l otal,
liter.

*53. LeodTlIl:lmlnd milligrams

mn‘lllgnms

mmlgmms per

58, Mumelum—'l‘olal mitti-

graws per Jiter. ,

55. Magnesium—Djssolved milli-
grans per liter., .

m Manganese—'l‘om mlllignnz
per liter.

-

8. \langanese—mxolved milii-
.grmus per liter,

88, Mexcury-—'l‘olal. “mittigrams

ter,
59. Me%y—m;solved milll-

EVN

e o 80, Molybdenmn—'l‘oh], niill-
ol

grams, per; liter,
RO Molybdonum—ul.nolved
o miliigrams 1&\' Lter.

02, Mckel—'l‘olul. - mml‘uma
per liter. >

“. Nlckel—})lmolnd mlul-
o ‘grmns pee liter.

[ 1% Osmh:]m-—'l‘otal. mmlcmns
Ptlladlum-—'l‘?m! ;nﬂll;nms

0. Pmt;?m-'l‘om milifgrams

ter.
67. ?olammm—'l‘olal, mllll;nms

%

v Pomslum—!)hsolml m;lll-‘-o Lsy mlemn
\'xz

¢ums per liter,
. .oo. Rhodlllm—'l‘oul mllllgmma

< 70. Rutbenlum—-'l‘ohl, " milli-

LrAms per liter.
! ;Bownmm—'l‘om mitligrams

liter.
3, mlnm—-Dlmolved ‘mill-
s per liter.
snm—niboma, milligrsms
- per liter, i ,

. Sllvet—~Toal®  milllgrams
" per Titet.

5. Bilver—Dissolved,®  mili. 0.
Erans per liter.

7. Sodlumrfom, milligrams

s .perliter.

77. Sodium—Dissolved,
greIms pec liter,’

Bee footgotes ab endiof table

s

IN Py

. PEDERAL REGISTER,

““milll- 045 micon

Dlxemon W followed by /4 18 M
mic absorption.i?
0.45 mlcron filtration 7 fol- o.oocveeaene .,
l ed by referenced niothi-
l total cobait.
pi;esuon M followed by 108
mic a! tiof Wor by .eeoooeee

colorhnen «(Neocu- .-

roine).
0. ls mlcmn flltratidn 17 fol- ..ooo.iciannnns A
lowed hy relereneed meth. .

od for
musuon " lo?lowed | -3 2N
alomic absorption.i®
Digestlon Y (ol
atemic absorpt
Digestion ¥ ol
atontic ahsorpt

L » (@)

mcsaresmacmnsietniioancncnannannan i

148

14 83 3(610) # (D)

s
203

line).
045 micron flitration ¥ fo-*
wod by referenced tuoth-
&l for total iron.
l)iges!ion" followed by
atomic abﬁor{)uon 1 or by
oolorimetric (Dithizone). ..........
0.45 micron filtration ¥ fol- . _______ .
lowed by relerehc»d meth- .

od for
l)lgestlon" lollowed by
a!omlc absorption; or
fs metric. . R
0. mlcron fitration 7 dol: .. _..... crecsenan e rennn e meteie emesenmrenmennees
by  referen
method for tots] mucmr

Dl(eation 1 lollowed by
absorption ¥ or by
ooloﬁm:trjc (Persulfpte or

)
O.i’smmlcronbﬂnnuon ¥ fol- ...
W
method lor total mhru:-
Fhmeloea atomie lbsom-

0.45 mleron fltrstion 17 fl-
Jo by refetenced *o
Tasttiod for total mercury.
Dig‘gaulon " lo{lioml;d by
mic absorption .
0.45 micron fllteation 37 fol. __ . .. PO ceabiancmazasiiarons
lowed hy referenced , *
method lor {otsl molybdo-

kaloﬁ'"‘ followed " by B I') g
stomic absorptiofi 16 or by ........f._.,‘.......
oolorimetric (Heptoxime). N
0& !:(limn.ﬂlm on 17°fo}- .-..{......-.....-....-----.‘. R SO

by - referenced
ethod {or totsl nickel,
Dlzeatlon ¥ followed by ..
mic absorption.n
Digeet(on u
tomic abso
Dlmuon L
tomic a|
Dlgmlon [
atomic abs
xnetﬂe (Co

12

P

118

M

to .

'lltmtlon ™ fo]-
Jowed Dy referenced metli

of for-total potassinin,

Digesnoz\ " Mlowed by
atomie ahsorption.t®

Digestion 11 followed by ..
atomic s tiont¢

Digestion 1 ollowed by 150
stomlc al tion. 18 e b %

0.45 microu filtration ¥ fol- ...................................\......

- Jowed by referenced meth- - .
od for total selenlum, - .

045 micron ﬂlu'gtlon it fol-

ed b colorimetrio
(Mol lcate). .
mm on ll' followed by . ¢
fon¥Wor by . ‘
xloﬂmtrlo Dithisone). - I
cron filtration 3t l- O A
ynkfmoedmot <
od for tota] sliver.

Digestion 8 “fgllowed by
atomic absorption-or:
flane phowmelac.; -

Altration’s2-fols ..... e ttnseeneosmrences aemeen ~eneen verenaan —aee

lowed by referenced meth- .

od for total soditiw. - .

a.‘.-.-.

o a1 %8 1% ..'.---.-.....
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VBT , . RULES AND REGULATIONS:
’ k . 2 . .
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. ' . - , s References %
“t . L1974 14thed. (page Jios.) Othnve *
' Parameter and units Methund EPA  standand - - gpproved . ¥
\ ' . - mecthods methods Pt, 31 USGS  juethods .
" ~ . 1975 methods :
. R ABTM -
[ P —— C e e e - — . > .
. - 78, Thyllium—~Total, miligrams Digestion ¥ followed by M9 SN L R S
. ’ e B per hter, | atomic ahsorptipn¥t . . .
j""‘ 7 7. Thallinn—"Nissolved, » milli- 0.4% micron Altration ¥ fol- .. . e .
' grams per liter, . loed by referenced methe 7 <
- AN ad for tolal thallium, ‘
J N $0, Tin—Total, mligruins e Digestiands  followed by ' .
Ier, atonmig ahsorption.® N ot
, * . o 81 Tin—Dissalved, 'r-mlkrums 045 micron filtration 3 fol. .
. prerditer, A lowed by referenced meths .
3 - * ol for total thy, .
. ¢ $2. ‘Fitaniumi="Tol.l, l;xh!lgmms Lugestion 18 fgllowed Ly ~S L.
per liter, ~ atontie nheorption, - A
" 83, Titanhme—Disolved,  mill: 043 wicton Mtrarion ¥ fol- . Ve
grame per ter, fowed Wy referenced methi
. . ol for tatal titanhun,
i . 84. Vanadinm—Total, milligrams  1igestion 13 followssl by .. -2
[ - per liter, - atomie abeuption Wor by . o.. ... LUK 75 TSR |
. \ colorimette (il acid). . ®
. 85, Vanadinpu- Disdoluel) millie 045 nneron nlirotion 3 fole (.. | ot
* wrans per hiter, Iowedd by seferenced 1tk 5
o fon toral vanasham, ¥
. 88 Zme Potul, malhigrans per Pugestiond? followed by , 159 HEIWWY)
DR biter. f atontie ahisarption Wor hy .. ... © eeenine .t
! . . coltinwarle (Dithione). -
L. &2, Zine~Dissolvesl,  unlligrans + 045 micron filteatiom ¥ fol- . .~ el raes A
per Jiter. lowrd by peferene e methe .
. . wl for tutal T, N . . 4
£ ONarte G N o dligrate e Cadmiton rednetion, hro- . B g
.. mer, | age splifiete; amomated o 197 - 119 3(614)10(28) - °
¢ «allnunmm or boysivarnne re- 4 20 . . S e
L . e tiong
& Natrste o N deligrams per Maposalof aomatedeolori- - 28 88 R
hter, wetries Prootizanon), A ’
- o0, Ol and zre e, o lgrann per Laguddigind #XLPgs Lok ’
hter, L owith  andiro-trifluorn-
7 / - etitmieegray v,
. . W Ungn eahons 1otal “TOE), Combustion- Dnfrared 26 467 » ). .
nulligrams per liter, anethod 2 -
. w2 Qreamie hitrogen s N), il Kjeldahl nurogen mmits  15S, 139 1221812, 814) ¢
' grams per hiter, anmonia NILFogeN. - .
u3, tiethophinsphate ¢ 1), il M nual or autonisted®as or- 354 131 3 {621) .
« grams per livr. . hic e it rechnetion. N
wh Pentahloraphensd, millie  Gas ciromatogzraphs 1., T
gram« per liler, , .
45, PPesthoieles,  tniligranis  per . ol i
Her. . .
> .6, Phenols, willigrams per Uter.. Colarinetne, s 4848, ..
97, Phosphorus telemental), milli- tins ¢ hranndography, ¥, ...% ... .
grams per liter. {
ok Phosphorus: total ias I, Persullate shgestion, ol
: . nulligrmins per Jiter. Tuwed by ueaninal oF autee
4 mated] e othie acid reduc. {
\ ‘lmn, 1
[ XYT DIV (YA i
\ R = W, Alpha—~Total, pCi e lier. Fropertaen i or < mthaion o, eooecdee, 48 SO N(I8478) .. ..s .
. - CUlNN T, *
. \a‘ 100. Alplu]-‘;(‘oumlng error, DCL L. Mo, . ....-.-......i. “s, %(7)..... P
\ per liter. -~ -
4 1 101. Beta—Total, pt'i per lter.... Pruponiomt counter.. ... ! s ‘01"“(754-73}......._....
\ 12 ml-itad-Coumh-gerror.pClpof TR e ves TR Y ¢ ) T,
' ter, MY .
103. '3} Hlsl-lhnn-’-’l‘oml, pCl per I . ve s cmeamees veres 4t [ S N P
’. - \ ter, )
. A0 B RA, pCiper Blere. L SORtnaion el e e seeees (7 SRR ¥ ¢ |} PUSIY A
' RESDUE - ,
. 104. Tola). milligrams per Hter ... fimanimeirje, MRS W 100 €2, .. 270 | [ P
S - ‘ 105. Total dissolved (fitershle), UGlass fiber Litratiou, 180° C. 28 ¢
. » milligramns perlitar, -
3 108, Total suspended (nonfllter- tilass fhwr fitratin, 103 to 28 |\
. ahle), m lll{mms per liter. 1057 ¢°, .
R N 107. Settleable, millilitars pez liter  Vohimetric or gravimetrie .. ..o
. or mllligraniy per llter, -
, 108. 'I‘«{‘t:u volutile, milligrams per Gravisan, 550¢1°, - b o] ‘
. _ {4
- - T ] 100, Specliie cotdhictance, micro-, Whentstone bridlge couduc &b -
% - { « niloe per ventiiuetar at 25°°  tinwary, B
§ .,
I . I 110. Sulfate fax SO, niflligramg  Gravinmetrie; turbidimetrie; ... eootd 43 AU eeneen ‘im;
| ¢ . per fiter, ar guinthated ooloriimetrie 490 5 eenene 1(623 .
. ] — . tharjum chloratiilate), 79 ... ! R
K - i1, Sottide tae & mphgrawe per  Tltrinetrio—Todine for leva 284 508 ........ |1, /
,( . tites els greater thau | mg ‘m rmanee . B0 oo oot iometacnndecacte -
= - - 4 tited; Methylenes blue phio- = N
. . [Ad tomstric, .
‘e 112, z«umu; {as, 800, milligrams Titrimetrie, jodine-jodate... * 2563 508 435 o riecnccncennnnesne’
) per liter, s N o . °
N 18 Sunt::mns, milligrams  per (‘olor!)m(-trlc (Methylene 157 000 44  A()..ceceee...
c *. . . ne).
. FINN 114, Temperature, degrées C....... Calihrated glass or electro- 280 [V PR ] { | ) IR
CRE . metzle themoneter. A
DT o d 5 TWbY, NTU, feeep o NeDhooTEC At B8 W2 X B
. 1 Reconmieivlations for datpling a1 preservation of samiples sccording to parameter measured may be found in -
. "mot}rrls for Chumival Anslysis of Watar aid Wastes, 19747 U.8, Environroerits! Protection Agency, table 3, pp. °
. willealk: - . el [
< t
‘. N .
- . - 3 > . - - 1 4 . “ U
a . L4
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s refe USGS methods, unless otherwise noted, aro to Brown, E., Skrougstad, M. W, and Fisly- .
T ‘!idt;ﬁmfgg'(ml‘loétiﬁnand Knlnmls of Water sﬂm?w‘g‘; Dissolved Minrsls and Gades,” U8, Geolog- § ;3;‘55 [A‘;""‘d"d!
ca] Survoy Tech of Water- ces Inv. , ¢h. A1, (1970). . 136.5, paragraph (a) is amended
“Oflicial Metl f Analysis of the Assoclatlon of !
SEPA oompumﬂ(e method may bo foundon_h;dlentﬁd pess of #Oflicial Metliods o v onof 1, inserting the phrase “pro by

o} 1 Analytl methods , 12th ed. {1075).
“nﬂ:nuu';ad{nﬁl‘atlon 18 niot required 1f compatubility data on representntive cfuent samples are on compsny fils  responsible person or firm making the
+ toshow that this preliminay distillation step ls not necessary, however, mautsl distlllation will be requiired toresolve discharge” ediately after the wo:
auy cotroversies, ° . : . E". imm rds
"l,y’l‘he method used must be specified. L ¢ . . “test procedure” and before the period
¢ The 5tube MPN Is that ends thqpamgraph.

used. M
1 8iack, KXV, and others, **Mcthods for Colicetiou and Analysis of Aquatic Blological and Mircollological Sainples:
. U8 Goological Burvey Techniques of Water- Resources [uv. bodk 5, ch. A4 (1973)." 6.1In § 136.5, paragraph (b) is amended
0g.

$ Siuce the b filter tech usually yields low and varabio recovery from clilorlnated wastewaters, the by msemng in the first ten ﬁl
MP - . e Iirst sen! ce e
MPEN method will be required to resolve sty controversics. hrase “pro db

 Adequately tested wothods for benzidjne aro not available, Until al”\roved methods are avallalle, the followlng P proposed by the responsible per-
futeri method can be used for the estimafion of benzidina. (1) *“Method for Benzidine and 1ts Saftsin Wastewaters,” son or firm making the discharge” im-
l;'mwlxlcofnnn Fuviroumeataj Mohitoring aud Support Lavoratory, U.S. Euvironmental Protoetlon Agency, Ciu- mediately after the words “such applica
clunati, Ohtio 45268. v ) -

W Amorican Natfonal Statidard on Fhotographic Progessiug Effuents, Apr, 2, 1075, Available from ANSI, 14307 tion” and immediately before the comma.
Broadway, New York, N Y. 10018 ka Th d

it Fishanan, M. J, and Brown. kugenc, “Selecicd Methads of the U.S. Ceological Survey for Analysis of Waste- is € secog sentence of paragraph (b)
w?x'im'" Simm ? pmm"z:cmhf:np?-”? Qo aledaom;mc compounds ,aud Hosticides can be obtained from the En “Mi aghneg %ie :ly de]e:lngd téle lplu'ase

Procedures foc peti ropheuol, clilor i AL - ethods Development and Quality As-
* vironufental Monitoring and Support Lbaoratory, U.8. Envirouinoatal.Protection Agency, ( incaihinall, Ohio 45268
B (ltolgr m%tllolg (é:gim frogol:ﬁxr& ‘a;aim;le Jn":""« r.:lwlmmmnml Moniloriug and \¥1uppon. Llsoratory, U.8. :%e?nceftneeseta}':th {;abora‘tptg" immedi-

nvirounen totection Agency, cinnat hio 47 . after e r

¢ Ror samples suspected of%mv g thlocyg)xale futerference! magnesium &lorldo is nsed as the digestion catalyst Program d4nd to t?x %sle 5) t'ef Pe’:,mi't;
In the approved test firdceduro for cyanides, the recominended catalysts aro replaced with 20 mlof a solution of 510 g/1 e Director of the” a
m mlﬂl chloﬂ(}io b?luCl:&ﬂ:‘ol."Thls substitu on will eliminate thiscyanate juterferenco for both total cyanide  the end of the sentence, and inserting in
and cyaulde amendable to ¢hloridatlon measurernents. . «

1 For the za‘t"ermlnationsof total nistals the sample is not filtered before Processing, Because vigorous digestion }&s I;éacle the ghme Environmental
Procedures 1nay result in 8 loss of certaln matals through preciptation. o loss vigorous treatment is ecommended a3 Monltoring ‘and Support Laboratory,
givon <}n p. 83 é?.u)l of ;I:ilglhogs'gp(}hocrglcaunnlggl&o{ ;}'n:er 1331!1, “f&l‘l%we d(l%‘w'c tIln those lnsmr:co'ut t‘:.hm{) la Cincinnati.”
moro vigorous digestion re roc ‘ou . 82 (4.1.3) should be followed. For the measuromont of tho noblo
metal series (gol& iridfum, osmium, pallndlul:{: platimum, rhodlumn and ruthenium), an aqua regia digestion isto be 7.1n § 136.5, paragraph (c) Is amended
substéluted os follows Transfer a up ntilive aliquot of the wellamized sample to'a Uriflin beaker aud add 3 nl  bY inserting the phrase 'proposed by the
of c?i: cerl:tm%ed re;h;:;lle%lNO{: Placo ';Q b(exker on nl st&an}em é\l‘\d Ova) iagl‘; {’o (dl‘ynesl(‘ool "fltfli boa)(rlc:‘rl nng responsible person or firm making the
cautiously add a portion of aqua regia. (Aqua,regis mine efore use by carcfully ndding .
volumes of concentrated HC i to ong volume of toncentratéd HNO;.) Cover the benker with n watch glass and return. diSCharge’” immediately after the phrase
to &lle ileum llmmésﬁiom}nm hmnlling thc,;ﬁ'ove‘n;d;%er‘;or t.:>()dmln tll!enl;:v: covmnd t;wap;.)rlu'el to dr;;;lt\;axs (l,‘uoo& “application for an alternate test pro-

, and take up the r ue in a small quantity o ash down the beaker w and watch glass with distille s
water and fllter the sample to remove silicates and other insoluble ma%erlnl that coultd clog tho atomizer Adjust the cedure” and immediately betdre the

volu o to some predetermined valus based on the expected metal con tion The ssmple is now ready for snelysis, comma; and by deleting the phrase
. l:)eAstho vatious furnace deﬁ'lc?s ognr?e:mdAﬁ)ﬁl&el 'elfsemluglyl‘ 'lﬁk blenrp”?ndlfchmﬂue's' {}""3" a&ggom’g}md “Methods Development and Qualjty As-
0 be approved test methods. Metliods of standard a on are to owed asnotedin p. 78 of “*Mcthods for Cheme A

e e of WA SRS et il s e 015 e A pro. e Phrase ~application. to the Direstor

4 ved nie are defitted as those constitulenis which will pass though 8 0.45 am Ty wane or pre- e a cation

filtration is permissiblo to fres tha sample from larger suspended sollds Filter the sample 5s soon os practieal of the” and pﬁnmedlate]o bermgector
aftercollection using the first 50 to 100 ml to riuse thie filter flask. (Glass or plastic filterhnk apparatits nre ded « y before the
to avoid possible contamination.} Discard the on tised to rinse the flatk and collect the required volume of Phrase “for review and recommenda-
filtrate, Acidify tho filtrato with 1.1 redistilled HINO, 10 8 pIT of 2. Normally, 3 sul of 1;1) acid per liter should bo  tion” and inserting in its place the phrase

¢ sutficient to preserve tho sam

les, .
18 See “Atomnic Absorption Ige\\ sletger,” vol. 18, 73 (1974). Avallable frout Perkin-Elgior Corp., Malit Ave , Norwalk, “Environmental Monitoring and Support

Con ?fso%,.n allable from Enviromnental Monitoring aud Support Latoratory. U.8. Envi tal Proteet) Laboratory, Cincinnatl.”
eth \{ [} 311} vironmnental Mon aud ou| T! oratory'. K1 uvironinenta: TOf on
Agency, Cincinuatl, Ohio 45268 > ¢ 8.1In § 136.5, the first sentenee of para-

. ’
» Recommonded methods for tlhie anAly.s of sitver in Industrial ‘wastéwaters ot concentrations of 1 mg/1 and ins

nbovesnre inadequato where silver exists as an inorganic halide. Silver halides such as the hromids and lc&!hlondo graph td) i3 amended by erting the

aro relatively msolu}')le_d in rl\:gems Migh ;nzni'tﬂlc actld b?t sre readlflyisolubllc)so in au aqueous buffer of sodllum 'ﬂf& phrase, “proposed by the responsible

sulfato and sodium hydroxide to 8 pH of 12. Therefore, for lovels of silver above 11ng/1 20 1n! of samglo shou) “person or firm making the discharze,"

dered 10 be con: ble iu their per,

difuted t%loti mllls)y'n({:iluggg mt ;ach,?ftiblrl:;:S;O; atrilet{iZM 'l:g((l)}'{. S#Pd?rds should be prepared in the sameé
manner. For levels of sliver below 1 mg/1 the recommended inef is satisfactory. '

1 An gutowmnated hydrazine reduction method is &vallable from the Environmental Monitoning and Support linmediately after the phrase, “applica-
Laboratory, U.S. Environmentsl Protection Ageney, Cincinnati, Ohio 45268, tion fpr an aiternate test procedure,”

B A number of such systems manufactured by varipus tes are d "
fo;’mdancel. tIn ln)dd;l)lon, nnénhe‘;; "‘ d‘s‘f b ld <lm combustior ~g;(:tlmno dr‘l‘ec:lon 1{ a‘l‘w(gwlop(’,m% and immediately before the comma.

oerhtz, ., Brown, E., ‘“Methods for Analysiso anke Substances in Water”. U 8. (ieolo § (3 . +

niques of {Vnter- esources Inv., hook 5, ch. A3 (}912). 8 ~ r ! gical Survey Toch The second sentence of paragraph (d)
2 R, F. Addison and R, G. Ackman, **Direct Dotermlm\uonzof Elem‘t}lguj Phosphorus by Gas Liquid Chroma {8 amended by deléting the phrase,

. to;z‘ra'l[;hy.“ *Jourual of Chromatography,’”’ vol. 47, No. 3, pp. 421-426, 197

. ndetllo a‘nlezh:'% ?utlll:i gl‘eps; zfsllhrmi{f::&liydu:o %tt,a)s:lv&)d ta:lont‘stl"llc the micthod ou p. 78 measures only sus- - Methods Development and Quality As-
. Therefore, ) “ N . ”
W" Stevens, H. 1., I-‘?cker, .!‘ll-'.. and Sinoot, G I?‘g “W:tcrel‘emn mmt:r-—lnﬂurnual Factors, Fictd Measurement surance Research Laboratory,” imniedi-
aud Data Presoutation. LS. Geological Survey Techmiues of Water Resomces 1uv,, book 1 d975) ™ ately after ‘the phrase, “to the Regional
4.°In §136.4, the’second sentence of nate test procedure under this paragraph Administrator by the;Dﬁ'ector of the,”
paragraph, (¢) is amended by deleting. (d}-shall: . . .and, immediately preceding the period
the word “subchapter” immediately fol- (1) Provide the name and address of ending the sentence and inserting in its
lowing the phrasé *procedure under this” the responsible person or firm making place the phrase, “Environmetital-Moni-
and Immediately * pfeceding the word theapplication. © ~ .+ tbring 'and Sur;port, Labaratory, - Off
“shall” and replaced with the phrase  (2) Identify the pollutant(s) or pa- e aratory, - Olp-
“paragraph ¢;” and § 136.4 is amended rameter(s) for which nationwide ap- °¢innatlL” . ol .
by adding-a new paragraph (d) to read -roval of an alternate testing brocedure  The third sentence of paragraph (d)
. A8 follows: is bgng rngesbed 4 . ~ is amended by deleting the phrase,
. ; (3) Prévide o detailed description of “Methods Development and Quality As-
- §136.4 Application for alternate text . y
s procedtires. . égghgoﬁftimre?;?eﬁ%sw tgrgfx?agll;l:éd tgr surance Reséarch Laboratory,” immedi~
. » . . * - Other studies confirmiflg the general ap- 2UEIY after the phrase, “forwarded to the .
ter * ¢ * Any application for an alter- plicability of the alternate test procedure Director,, and immediately before -the
nate test procedure under this paragraph to the pollitant(s) or parameter(s) in second comma and by inserting in its
(c} dShzlrlx [ ;l . tl . ol of :«l'astewster ms;%};grgmdtr%n; rlepres_enta- place the phrase, “Environmental Moni-
) application for approval of an tive and spec industria] or otheér to y -
alternate test procedure for nationwide categories. ) ¢ i mlgl::ti and Support Laboratory, Cin
use may be.made by letter in triplicate (4) Provide comparability data for the ¢ 9 S. tion 136.5 is N
to the Director, Environmentql Monitor- performance of the proposed alternate - Section 136, amended by the
ing and Support Laboratory, Cincinnats, test procedure compared to the perform- 2addition of a new paragraph (e) to read

Ohto 45268. Any application for an alter- ance.of the approved test procedures. as follows: : ,
. . . ’ - . M . s R ) >
. oo .. ) . . ' ~
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¢ * §136.5 Approval of alternate test pro- * '
* cedures, T : -
. . s ” M - . . . . ‘
S (e) Within ninety days of the. receipt ) , : -
. , by the Director of the Environmental . e - -
o Monitoring and Support Laboratory,  ~ - ' - .
f - P Cincinnat{ of an application for an .
alternate test procedure for nationwide . - ‘{
- use, the Director of the Environmental . . ‘. .
. = Monitoring and Support Laboratory, * .
Cincinnat{ shall notifyrthe applicant ot . , 1
. his recommendation to the Adminis- . ¢ ]
. trator to approve or reject the applica- — .
. ) tion, or shall specify additional informa- . C -
R tion which is required to determine .
whether fo approve the proposed test s .
- } procedure, After such notification, an . . :
- alternate method determined by the Ad- ¢ q
- ministrator to satisfy the applicable re- * ‘
. quirements of this part shall be approved L v
; for' nationwide use to satisfy the require~ » : -
N -, mets of this.subchapter; alterndte test - ot
procedures; determined by the Adminisa - ;
v : trator not to meet the applicable require- - . .
. . nrents of iHis part shall be rejected. T :
- _ Notice of these determinations shall be Lo .
v : ' submitted for publication in the Froerar .. - e
' RecisTzr not later than 15 days after - .
such ‘notificition, and determination is . .
made. ’ S - T
* [FR Doc.76-85082 Filed 11-30-76;8:46 am] E I
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“BACTERJOLOGICAL INDICATORS OF WATER POLLUTION

-

* ' part 1,

L

I’ INTRODUCT,ION
A Bacterial Indication of Pollution N

1 In the broadest sens€, a bacterial

«*  indicator of pollution is any organism ‘
=zr.which, by its, ,presence’, would den'i'oné
,  strate that pollution Has occurred, and
often suggest the source of the pollution
In a more restrictive sense, bacterial
indicators of pollution are associated,
primarily with-demonstration of con-

~tamination of water, originating from
excreta .of wafm-blooded atimals
(inpluding man, domestic and wild ,
annnals and birds), s

-

B Implications of Pollution of Intestmal
: Origin “ .

1 Intestinal wastes from warni-blooded
animals regularly include a wide
variety of genera and species of
bacteria, Among these the coliform
group may beé listed, and species of
the genera Streptococcus, Lactgbacillus,
Staphylococcus, Proteus, Pseudomonas,
certain spore«-forming bacteria and
others,

1

2_In addition, many kinds of pathogenic
‘bacteria and other microorganisms
may be releaged in wastes on aninfer-
wanittent basis, varying with/the geo-
) graphic area, state of community
, health," nature and degree of wabte ‘
‘“tz;“eatment, and ether factors, These .
may include the following

a Bacteria Species f Salmonella,
Mﬂa “Leptospira, Brucella, -
Mycobacterium, and Vibrioicomma.

queral. Concepts

H

-
\

b Viruses: A wide variety, inclu‘ding
that of infectious hepatitis,. Polio-
viruses, Coxsackie virus; ECHO.
viruses (enteric cytopathogenic
human orphan -~ "viruses.in search .
of a disease"). and unspecified
viruses postulatkd to account for
outbreaks of diarrheal and upper
respiratory diseases of unknown
etiology, apparently infective by
the water-borne route.

‘;» 'c Protozoa: Endamoeba histolytica

3 As'routinely practiced, bacterial
evidence of water pollution is a test
for the"’presence and numbers of
bacteria-in wastes which by their
pregencs, indicate that infestinal i
pollution has occurred. In this con-~ .

ext, indicator groups discussed in
subsequent parts of this outline are
as follows-

a Coliform group and certain sub- -
. groupings ] ’

™ Fecal streptococei and certain
subgroupings . 5
‘¢ Miscellaneous indicators of watex‘
. qu#ity R M ol . KN
4 Evidence, of water contamination by
intestinal wastes of warm-blooded
animals is regayded as evidence of
liealth hazard i the water being testdd,

I Paopmfrr&’p AN IDRAL INDICATOR
OF POLLUTI . :

N

A An "{deal" bacterial indicator of po’llution

©+ should: - Lo

) applicable inall types of water
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M . 3 Tests for compliance.with established: - -
.2 Always be present in water® when shec .
patfiogenic bacterial constituents of : standards in cases involving the pro- , ) :
fecal contamination are present. : tection or prosecution of municipalities, _
industries, etc, R R a

. _ Ramifications of this ipclude --
a Its density -should have some direct [N
relationship to the degree of fecal B Treatment Plant Process Control | -

o ¢ * pollution. ’ . . o .
b It should have greater survival time 1 Water treatment plants
-in. water, than enteric pathogens,

throughout its course of natural .
, L disappearance from the water body. S
i . i ' 1.¢ It should disappear rapidly frorn s C :Vater Quality and Pollutant Source Monitoring D
{ : ) .
_water following the digappeararce N 3
- of pathogens, either through natural 1 gezii‘;;t‘:t\i‘::ef ti:t::'::ﬁix’igl&g:!;nd .

¢

2 Wastewater treatment plants *

© or man-made processesy :
N d /It always should be absent in a . w extent of t:fatment required for.com- .
‘ :f bacteriologically safe water. , pliance with standards s
- .o , \ ) . 2 Tracing rces of pollution
o } o . N ¢
" 3/ Lend itself to routine quantitative 3 Dete_rmin'at n of effects on bacterial
- { testing procedures without interference ~ + {lora, due tahddition of organic or )

: . . or confusion of results due to extra- g other \'vastes '
e - - neous bacteria ‘ > .. *

. . L D Special Studies, such as
’ 4 Be harmless to man and other animals . : "
.. 1, Tracing- sources of intestinal pathogens -

. B In all probability, an>‘“§8eal" bacterial ' in epidemiological investigations
. indicator does not exist. The discussion ' Ty .
~ of bacterial indicatdts of‘pollution in the ™ 2 Investigations of problems due to the |
* following parts of this outline ihclude Sphaerotilus group .
- consideration of the merits and limitations | .
of each graup, with their -applic2tions in, - 3 Investigations of bacterial interference
Y ) evaluating_b}cterial quality of ’water. (o PR to certain industrial processes, -with

J»  respegt to such organisms as Pgeudo- i

~ - . i - . b

' ' i monas, Achromobacter, or others
m .APPLICATIONS OF TESTS FQR * T - i :

. POLLUTION INDICATORS ‘ ) o, . B £
. N " g . IV- SANITARY SURVEY -~ . E o
- A Tests for Compliance with B&cterial Co ™ >
T . Water’ Quality Standards i . The laboratory bacteriologist is not alone i =
R " .. . evaluatipn of indication of water pollution of o
A Potability ‘tests on drinking water to - , intestinal origin. .On-site study (Sanitary ~ - te -
: meet Interstate Quarantine or other., Survey) of the aquatic environment and . E .-
s standards of regulatory agencies. . .adjacent areas, by a qualified person, ‘is a L
> o .. necessary collateral gtudy with the laboratory .. CO
w 2 Determination of bacterial guality of * work and frequently will reveal information *, K
£, environmental water for which quality regarding. potential bactel‘iological hazard T ”
- . staridards may exist; ‘such as"shellfish which may or may not be demonstrated * R T
o . waters, recreational waterg, water ' through laboratory findings ffom a single AU RPEE
- * _° _- resources for municipal or' other . sample or short series of samples. . we oS
* , supplies, e T - - el .
h ) A S : ‘ . ‘ - y .
_ R ) ‘4‘ L.; e . : "y . . '.«

LT e IR A 1 . - . .
. .
-~ * - “ e .
. :
.
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N ’ Bacteriological Indicators of Water Pollution . -

3 . - . . - .
Part 2. The Coliform Group and Its Constitﬁents_
.- . o cs , ’ _ . .
I OBIGINS AND DEFINITION o 8 ' ¢

-

" A Background. ’ . ‘ ' ‘

'l In 1885,. Escherich a pioneer bacteri- 2' The term "coliforms or coliform
ologist, recovered certain bacteria from group" is an inclusive one, including .
human feces, which he found in sugh . the following bacteria which may

him

numbérs and consistency as. 'to 1da meet the definition above: L
‘to term these organismsg "the charac- T, . T . ,
tterist{c orgahism of human feces. " o a Escherichia coli; ‘B durescens, . ° * ..

: ' . E. freundii, E. ihtermedia ~
. He named these drganisms Bacterium 3 T .

coli-commune and B, lactis aerogenes, - . b Enterobacter aerogerfes. E, cleacae
. In 1895, another bacteriologist. o ¢
Mi »» renamed B: coli commune as - . ‘¢’ Biochemrical intermediates between
“ richia coli, “Whikch | today is the the genera Escherichia and Entero~ .
) official mame for the type species. bacter . N .
\ . (' 79 Ilate'r work has_ substantiated much of 3 Thede is no provision in the definition

of coliform bacteda for "atypical" or
“‘aberrant” coliform strains,

the original conceptof Escherich, but o
An individual strain of any of the above

.has shown.that the.above species are .

in fact a heterogeneous complex of , ‘a
bacterial species and species variants., \ species may fail to meet one of the
. : ’ criteria of the coliform group.
N 3,
a This heterogeneous group occurs not b Such gn organism, by ‘definition, is
-only in human feces but répresentatives . not a member of the cpliform group, .

eveh though a taxonomic bacteriologist
may be pérfectly correct in classilying
the strain in one of the above species.

also are to be found in many environ-
mental media, including sewage; N
surfacé freshwaters of all cdtegories,

-in and on soils; vegetation, etc. o, Y- -\ A |
*.b The group may be subdivided fnto _ II: SUBDIVISION OF COLIFORMS INTO
" various categories on the basis 6f .. . "FECAL'" AND "NONFECAL" > s
‘numerous biochemical and other . CATEGORIES ) R .
differential tests that may be applied. o -
. . . .o K + A Need, 0 - ’
B Composition of the Coliform Group . , ) o + '
’ o . Single-test differentiations between SRS
-1 Current definition. : ‘ . coliforms 6f "fecal" origin and those of i
’ * » ~ “-"nonfecal" origin are based on the . ’
‘ ‘As de,t'ined in "Standard Methods for the - .assumption that typical E. coli and o
Exaniination of Water.and. Wastewater" - closely related strains are of fecal - -3

forming rod-shaped bacteria which out by.inves ons at;this ’Center.
. ferment lactose with gas formation — See Table ¥. IMVIC Type --++)."
within 48 hours at 350C." ) Y - . number of gingle differential tests have .
- e - been propo edto differentiate between . ‘ :

(14th ed): "The coliform group. includes
all of the aerobic and facultative
anderobic, Gram-negative, nonspore-

origin while E, aerogenes and its close
relatives are not of direct fecal origiri,
(The latter !assumption is not fully borne’

-

"fecal" and nonfecal" coliforms,

N
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Without discussion of their relative merits,

- several may be cited here: N

\ ‘B 'l‘ypes of Single-Test Differentiatfon X

q\ Determination of gas ratio

Fermentation of glucose by E, coli
results in gas production, with ,
hydrogen and carbon dioxide being
produced in equal amounts.

* Fermentation of glucose by E,

P

: .aerogenes results in generation of -
.. ‘twlce as much carbon dioxide as

hydrogen. .

‘ 3
Further studies suggested absolute .
correlation between H /CO2 ratios
and the terminal pH resulting from
glucose fermentation. This led to the
substitution of the methyl red test.

2 Methyl red'test - : L

Glucose fermentation by E. coli .
typically results in a culture “medium
having terminal pH in the range 4.2 -
"4, 6.(red color apositive test with the
addition of methylreq indicator),
+ E. aerogenes typica]ly resulfs ina

" . culture medium having pH 5..6 or

greater (yellow color, a negative test).

.3 Indole | 7T

i
.

When tryptophane, an amino acid, is
incorporated in a nutrient broth,
typical E, coli strains are capable of
producing indole (positive test) dmong
the end products, whereas E, aerogenes
does not (negative test). .

¢

-

3
]

In’i‘eviewing technical 1iterature, ‘the .
worker should be alert to thé method .
used-to detect. indole formation, as ‘the
results may be greatly inﬂnenced by
~ the analytical procedure. .
4 Voges-Proskauer test (acetylmethyl
carbinol test) o
The test is for detection of dcetylmethyl
carbinol, a derivative of 2,3, butylene~

glycol,, as a reshlt of glucose
. fermentation in ‘the’presence of

‘peptone. E. aerogenes produces
this end

wh

uct {positive test)

e,m%’

. coli gives a negative test,

a, .Experience with coliform cultures

' glving a positive test has shown a
loss of this ability with storage on
laboratory media for 6 months to
2%years, in 20 -,25% of cultures -

i enzyme system.:

{105 out of 458 cultures),
. . 1

“«

Some workers consider that all -

coliform bacteria produce acetyl-,
methyl caTbinol in glycose metab-
olism,
acetylmethy} carbinol-negative

cultures as those which hgve

These workers regard

enzyme systems capable of further

degradation of acetylmethy]

carbino,
which-

with the analytical procedure,

to other end products
not give a po‘sitive -test

Cultureg giving a positive test for"
acetylmethyl carbinol. lacl'c this

%

. This ,reasoning Z_lgads to a"hypothesis
(not experiméntally proven) that theé"
change of reaction noted in certain

‘cultures in 4.a above is,due to the . .

. activation of a latent enzyme system,

PN

5 Citrate utﬂiza‘tion

PR

« ' " 3
Cultures of E. coli are unable to use ~
the carbon of/ citrates. (negative test)
. in their m

Some workers (using Simmons Citrate
*Agar) incorporate.a pH indicator

_é}i

(brom thymol blue) in the culture
medium in order to demonstrate the ¥

typical alkaline reaction’ (pH 8.4 - 9.0)
resulting with citrate utilization. °

, whereas cultures
"of E. . aerogenes are- capable of using -

s the carbon of citrates in their metab-
olism (positive test).

6 -Elevated temperature (Eijkman) test

a The test is based on-evidence that

E, coli and other coliforms of fecal

S

e . .
& oy Tov o g <. £

3
L
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origin are capable of growing and’ . e The relidpility of elevated temper- .
fermenting carbohydrates (glucose ] - ature tests is influenged by'the
or ]actose) at temp’eratunos signif- time required for the newly-~
icantly higher- than the body tem- - inoculated cultures to reach the
perature of warm-blooded animals. designated incubation temperature,
Organisms not associated with-direct - . ~— - <Critical workers insist on place-
fecal origin would give a fiegative , mentof the cultureg in the water

test result, through their inability , -bath within 30 minutes, at ‘most,
1\ _ to grow at the elevated temperature, - after inoculation.

-
+
»

b While many media and techniques ’
have been proposed, EC Broth, a . ¢f1 Other tests

dium developed by Perry and t o K .
- medium . :
Hajna, used as a confirmatéry, L ~Numerous other tests for differentiation

for 24 hoiirs at 44.5 :t- R betWeen coliforms of féeal vs. nonfecal .-

"t:)r:e;‘l’icun;re t}?e current standard - origin have been proposed., Current

. medium and method. studies suggest little promise for the,,

" While the "EC" terminology of the - «following tests in this application:
medium suggests "E. coli" ‘the uric acid test, cellobiose fermentation,
sworker should not regard thigas a’ + gelatin liqu!faction production of

.hydrogen sulfide, sucrose fermentation,

J ;:pe::ﬁic procedure for is°]‘9;ti°’}\?f , . and‘ﬁth rs. .
' \ ) '

¢ A similar-medium, Boric Acid C IMViC C]assification \ e X
. Lactose Broth, has developed ’
by Leyine and his associates, This 1 In 1938, Parr reported on a.review of
‘medium gives results virtually- ‘a literature . survey on biochemical tests
, identical with those obtained from ) used to diiferentiate between coliforms
" EC roth but requires 48 hours of of fecal vs. nonfecal origih A summary
_incuhation. i follows:

A

»

§ .- : g s No. of times
d Elevated temperature tests require Test' k used g

incubation in a water bath. Standard - Ty ferentiati
Methods 14th Ed. requires this % . — ~ =
temperature to,be 44,5 + 0, 28, Voizgclzigolskauer Co. 22
Various workers have’ urged use of .
/temperatures ranging between - * . Methyl red test
'43,00C and 46.00C: * Most of these
recommendations have provided a Citrate utilizatiog
tolerance of # 0,50 C from thé"rec~ Indole test ’
ommended levels. ,Howéver;. some . . _
workers, notably in the Shellfish - Urio a_c,id ?9“ Tl
Program of the Public Hedlth Service; Cellobiose fern\entation .
stipulate a temperature of 44,5 % ’
0.20°C, This requires use of a water Gelatin liquefaction
bath with forced circulation to n#ain- / Eijkman test 4
tain this close tolerance. This
tolerance range was instituted Hy\c;c;gdzngide -
in the 13th Pdition of Standard Methods
d the laboratory worker should ** Sucrose fermentat}on

orm to these new limits, a-Methyl— d-glucoside *

L ) , ’ ' fermentation -
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2 Bised on this summary and on his own ‘I NATURA L DISTRIBUTION-OF COLIFORM |
- studies, Parr recommended utilization ~ ~ <« BACTERIA ’
“ L of a combination of tests, the indole, - ’ .

.

2

methyl red, Voges-Proskauer, and the, . ‘A Sources of Background Information’
- citrate utilization tests for this differ- - ) ‘\c‘k
entiation, This series of reactions is . Details of the'volumﬁous baTkground of
v designated by the mriemonic "IMViC'; technical inforyration on coliform bacteria
Using this scheme, any coliform culture .- recovered from ‘one or more environ-
can be described by an "IMViC Code" : mental média are beyond the scope of *
. according tq the reactions for each thig discussion, ‘References of this
culture, Thus, a typical culture of ) s outline are suggested routes of entry
* E. coli would have a code ++--, and a _for workers seeking_to explore this
' {ypicalE. aerogenges culture would - topic. L AR .
have a code ~=~++. . - S s 3
¥ - Lo -9 ) B Studies on Coliform ﬁistributibn Vi
3 Groupings of coliforms into fecal, . . oo
-non-fecal, and intermediéte groups, -~ ¥ Since 1960 numerous workers ‘,\
as, shown'in "Standard Methods for the -~ ! have engaged in a continuing study of | 7} -
- Examination of Water and Wastewater"' - " the ratural distribution of coliform
, are shown at the.bottom of this page. ’ .. bactéria and an evaluation of pro- L
s ) , .+ cedures for differentiation between
D Need for Study of Multiple Cultures Ty coliforms of fecal vs. probahle non-
. . ‘ fecal origin, Results of this work
All the systems used for differentiation . . have special significance because:
between coliforms of fecal vs. those of ! . . :
* nonfecal origin require isolation and study” a Rigid uniformity of laboratory
) of numerous puge cultures. Many workers .. methods have been applied through-
prefer to-study gt least 108 cdltureq'fx;om «, ' out thé series of studies
;—g‘ny—ensr_irpnmﬁal source before attempting ___. : r -
" to cat¥golize the probable source of the . b . Studies’are based on magsiye
‘ coliformg. ° - . - ' numbers of cultures, far beyond
s a . . : . 'anp similar-studies heretofore
- ' répox"ted ! ’
M N . . >
. - - - <~ INTERPRETATION OF IMV1C REACTlc;NS ) )
« 7 . ) .
. tl)rgr;pism ) -~—————1Indole l\lﬁ—'é-gy 1 .lyr%?&'\'ier Citrate ,
s ! Escherichia coli N + - - .
Citrobacter freundii . . ' - + . - + ..
o Klebsiella=Enterobacter group + or = - o R

~ N . .
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Diatribution of coliform types

e~
Table 1 shows the consolidated results .
of coliform distributions from various ‘-
biological and environmental sources.

-

d It should not be surprising that
¢ cultures of typical E, coli are .
recovered in relatively smaller !
numbers from sources"ﬂudged ¢

A wider variety of environmental and
biological sources are being studied
than in any previous series of reports.

All studies are based on freshly - ' _.» - on the bagis of sanitary survey,
recovered pure culture isolates to be unpolluted. There ig no
from the designated sources, ) + + . know¥n way to exclude the influence

. ‘ of limited fecal pollution from small
All studies‘are baged on cultures _ animals and'birds id such environ-
recovered from thé widest feasible - | thents.

geographi¢ range, collected atall .. - )

seasons of the,year, e The distribution of. coliform types

v ‘ from human sources should De
regarded as a representative value

! for large numbers of soiifces.

can be large differences in the
distripution of IMViC types from
persop to person, or even from an

A

a The results of {ese studies -show a . . individual,

-

high order of correlation between ' ’ -

known or probable fecal originand 3 Differentiation between coliforms of

the typical E. coli IMViC code * fecal vs. nonfecal origin’.

(++--). On the other hand, -

human faces also includes L

numbers of E. aerogenes and other

IMViC types which some regard as
"nonfecal" segments of the coliform

>

Table 2 is a summary of findings
based on anumber of différent criteria
for differentiating between coliforms .
of fecal origin and thosé from other

group. (Figure 1) l ‘ ~ sgources, n
The majority of coliforms attributable - a IMViC type ++-- is a measurement
to excretal origin tend to be limited .+ OfE, coli VarietyI, and appears
to a relatively small number of the ’ ; to f‘lve reasonably. good'correlation
possible IMVIC codes; on the other . < * betweemr known or highly probable

hand,. coliform bacteria recovered- . fecal origin and doubtful fecal origin

from undisturbed soil, vegetatioh,, .

' Investigations have shown that therg

(o d

Ja ect life repregent a wider b 'I‘he combination of IMVIC types, i
ra§e of IMViC codes than fecal ’ +he-, +-=2 and -+:-, gives "/
soutces, withouf cléar dominance of improved identification 4f probable £
any one type, (Figure 2) - - - E . fecal origin, and appears also to

N > ekclude mdst of the coliforms not "

" The most prominant IMViC code,&ﬁ_ y found in excreta of warm-blooded -
from nonfecal sources is the inter- arﬁmals in large numbers. - &
mediate type, -+-+, which accounts o ¢
for almost half the coliform~cu1t‘ures—- " c—While the indole, methylred, - -
recovered from soils, and a high . : Voges Proskauer, -and citrate ’
percéntage of those recovered from - utilization tests, each used alone,
vegetation and from insects, It . L appear to give useful answers when - >
would appear that if any coliform ’ -, #pplied only to samples ¢f known

‘segment could be termed a "soil - pollution from fecal'sources, the
‘type" it would be IMVIC code =tet, \ interpretgtion.is not as ¥lear Avhen

applied to coliforms from sources
. . believed to'be remote from direct
s ) fecal poilufion. - . .
' . .- . il

-
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Table 1. COLIFORM DISTRIBUTION BY IMViC TYPES AND ELEVATED TEMPERATURE
TEST FROM ENVIRONMENTAL AND BIOLOGICAL SOURCES

'“IMV)iC __Yegetation _ Insects Undistm'k’:edsoll Polluted __ Hu :‘ecél Ourrfe: tock v_ga__)oultr

No. - | % of | *No %of{ No. | % of No. | %of | No. \ %of|{ No. { %of{ No. | %of
—type strains | total | straing: total strains | total | strainsj total “strains| total | strains| .total | strains| total
ot | 128 [10.6 134 l12.4 6131 .6 536 !so. 6 | 3032 |87.2 4 ,2237 | 95.6 | 1857 |97.¢
R 237 [19.7 | 113 |10.4 443 |18.8 131 2.0 | .245 | 5.4 0 | <0.1 1} 0

— 23 { 1.9 |~ 0 <01 | 78 | 3.3 1 E 0.2 99 | 2.2 | 14| 0.6 20 | 1.1
e 2 | 0.2 o l<o.1 ! - 7] 0.3 0 l<o.1{ 106 | 2.4 .59} 25 0 |<o.f
. 1168 [14.0 332 |30.6 1131 |48.1 87 §13.0 50 | 1.1 1 |<0.1 51 0,3
et ‘:‘i | 116 | 9.6 118 {10.9 % 87| 3.7 22 | 3.3 35 | 0.8 27 | 1.2 11| o. 6
. 32 | 274 28 |26 181 | 7.7 5 {~0.7 21 | 0.5 0 |<0.1 0 }<0.1
A 201 [24.2 254 |23.4 | 159 | .6.8 0 |<0.1 6| 0.1 0 |<0.1 0'{<0.1
bt 88 | 7.3 46 |42 67 | 2.9 0 |<o.1 14| 0.2 0 |<0.1 0 <0.3"
——t p7 | 7.2 a2 |"3.9 4 | 0.2 1 | 0.2 2 |<0,1 0 |<0.1 0.4<0.1
S 5 | 0.4 0 |<o0.1 1 |<0.1 0 |<0.1 0.|<0.1, 0 |<o0.1 0 §<0.1
R 19 | 1.6 |- o J<0.1 53 | 2.3 0 |<0.1 o |<0.1} o f<0.1 0 |<0.1
P - —A 0.2 0 |<o0.1 6 | 0.3 0 1<0.1 0 |<o0.1 0 ]<o0.1 “0 | <0.1
P * \s >0.4 8 | 0.7 0 |<0.1 0 {<0.1 0 |<o.1 0 |<o0.1 0 | <0.1
PO B._J£0. 1 9 | 0.8 0 f<o.1 | 0 |<0.1 2 |<0.1 0 |«0.1 3 ]<0.1
Total | 1203 | . 1084 |- 2348 665 8512 | ° 2339 1896
No, EC+ | 169% | | ‘1e2% 216 551 4349 2309 17865
%EQ+ | 14| 14, ¥ 9.2 82.9 " | 6.4 . 98.7 * |~ es.0
: #120 of these - ¥129 of these e .
X were ++--, were +--, -:g -
15 ~=++, , 27 -+=+, 3 - R
. @ 11 === . 5 -+ .~
T . " N\ 7
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Table 2. COMPARISON OF COLIFORM STRAINS ISOLATED-FROM WARM-BLOODED ANIMAL
ECES, FROM UNPOLLUTED SOILS AND POLLUTED .SOIL$ WITH USE OF THE
vVic REACTIONS AND THE ELEVATED "-TEMPERATURE TEST IN EC MEDIUM
AT-44,50 C(¥0, 50) (12th ed. 1965 Standard Methods for the Examination of ‘Water -
and Wastewater) .

\ ) L N ~
‘Warm-blooded Soil: Soil: Vege-
animal feces | Unpolluted | Polluted ] tation

Test Insects

++ . ) T, 81.8% 5. 6% 80.6% | 10.6% | 12.4%

++ - . . I -+ - —-
- - - 93. 3% . 8.9% 80.7% '| 12.5% 13.2% -
- - .

o

Indole positive \ . 94. 0% 19, 4% 82.7% 52,5% 52.4%

Methyl+¥ed positive ' 96, 9% 75. 6% 97.9% | 63.6% 79. 9%

~

. Voges-Proskauer positive + 5.1% 40. 1% 97, 3% 56.3% 40. 6%
¥

' Citrate utilizers 3. 6% " 88. 2% 19.2% | 85.1% | 86.7%

' Elevated temperature (EC):  gg 49, dag, | s2.0% | 14.1% | 14.9%
positive . / . R <

| , R
Number of cultires 8, 7147 2,348 665 | 1,203 | 1,084
studied ) . )

/ Total Pure Cultures Studied: 14,047

d The elevated temperature test gives o, IV EVALUATION OF COLIFORMS AS
excellent correlation with samples = - POLLUTION INDICATORS
of known or highly probable fecal " - .
origin. The presence of smaller, A The Coliform Group as a Whole
but demonstrable, percentages of . v
such organisms in enV1ronmenta1 1 Merits v .
sources not interpreted as being, : .
polluted could be attributed largely ) a The absence of coliform bacteria is
to the warm-blooded wildlife in the evidenée of a bacteriologically safe
area, including birds, rodents, and water, ¢
other- small‘\mammala. . . .
. The dehsity of coliforms is roughly
The e1evated temperature test yields ' proportional to the amount of
results equal to°those obtained from" ' excretal pollution present, .
the total IMViC code. It has marked S .
advantages in spéed, ease and : ) If pathogenic bacteria of intéstinal
simp]}icity of performance, and yields' % origin are present, coliform
quantitative results for each water - bacteria also are present, in much
sample. Therefore, it is . greater numbers, '
the official standard method for o . . - Co
differentiation coliforms of ’ Coliforms are always present in the
probable direct fecal origin from those . intestines of humans and other warm-
which may have become established N blooded animals, and are eliminated
in the bacterial flora of the aquatic in large numbers in fecal wastes,
* or terrestrial habitat,” :
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e Coiiiorms are more persistent in
the aquatic environment than are.
pathogenic bacteria of intestinal <
origin. .-
, .
f Coliforms arg generally harmless: .
to humans and can be determined .
’ quantitatively by routine laboratory
procedures,

‘ 2 Limitations

i a Some of the congtituents of the

coliform group have a wide environ~’

mental distribution in addition to

their occurrence in the intestines

of warm-biooded animals.

Some strams of the\ coliform group

may multiply in certain polluted ,

n . waters {"aftergrowth"), of high v
nutritive values thereby adding to

the difficulty of evaluating a pollution

situation in the aquatic environment. .

Members of the E, aerogenes s section

of the coliform are commonly

involved in this kind of problem,

0y

¢ Because of occasional aftergrowth
problems, the agé of the pollution
may be difficult to evaluate under
some circumstances.

‘

Tests for coliforms are subject o . -
interferences due to other kinds of
bacteria. False negative results
sometimes occur when species of

. .'  Pseudomonas dre present. False
positive results sometimes occur .
when two or more kinds, of non-
¢olifot'ms produce gas f‘rom ‘lactose,

(synergism). _

"The Fecal-Coliform Component of the
Coliform Group (a8 determined by elevated
. v temperature test) )

5 M [y ¢

k 1 Merits

s a The majority (over 95% of the coli-

T ~form bacteria from intestines

N . " warmgblooded animals grow at the —
- ‘ _ -elevated temperature. -

-

-

- 3 when neither can do so alone - e

b These organisms are of relatively
- Infrequent occurrence except in

asiaociation with fecal pollutio;{ }

¢ Survival of the feca.l coliform graup
is shorter in environmental waters
than for the coliform group as

. whole., It follows, then, that high
densities of fecal coliforms is
indicative of relatively recent
pollution.

‘

d Fecal coliforms generally do not
multiply outside the intestines of
warm-blooded animals, In certain
high-carbohydrate wastes, such as
from the sugar beet refineries,
exceptions have been noted.

In some wastes, notably those from .
pulp and paper mills, Klebsiella has
begn found in large numbers
utilizing the elevated temperature
test. There has been much contro-
versy about whether the occurrence
. of Klebsiella is due to aftergrowth
due to soluble carbohydrat‘es in such
~*wastes. The significarice of
Klebsiella as an'indicator of direct
discharge of intestinal wastes thus
is under*challenge. The issue is
still further- complicated by questions
over whether Klebsiella is in and of
itself a pathogenic organism or is
potentially pathogenic. This is a
serious problem which is the subject

’ .. of intensive research éfforts

2 Limitations

a Feces from warm-blooded animais
include some (though proportionately
low) numbers of coliforms which do

- not yleld a positive fecal coliform
test when the elevated temperature
test is used as the criterion of
differentiation, These organigsms
aré E. coli varieties by present

* taxonomic classification,

There is at present no established

and consistent. correlation between

- - . o
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ratios of total coliforms/fecal
coliforms in interpreting sanitary
quality of environmental waters,

In domestic sewage, the fecal
coliform density commonly is
. greater than 90% of the total
coliform density. In environmental
waters relatively free from recent
pollution, the fecal coliform density
- may range from 10-30% of the total
- coliforms, There are, however,
too many variables relating to
water-borne wasteg and surface
water runoff to permit sweeping
generalization on the numerical
relationships between fecal- and
\ total coliforms.

L ¢ Studies have been made,
régarding the survival of fecal
coliforms in polluted waters
compared with that of enteric

- pathogenic bacteria, In recent
pollution studies, species of
* Salmonella have been found in the
presence of 220 fecal coliforms per
“ 100 m1 (Spino), and'110 fecal -
coliférms pér 100 ml (Brezenski,
Raritan Bay Project).

s

3, The issue of the Klebsiella problem .
described in an earlier paragraph
may ultimately be resolved as a
_ merit or as a limitation of the value
¢ of the fecal coliform test.

S
e ..
v APPLICATIONS OF COLIFORM TESTS

A Current Status in Official Tests -

1" The coliform group is designated, in
"'Standard Methads for the Examination
of Water and Wagtewater" (14th ed.,
1975), through the Completed Test
MPN procedure‘as the official test

i s

, for bact‘eriolog'lcal potability of water.

The Confirmed Test MPN procedure . °
is accepted where it has been demon:
strated, through comparative tests'%
to:yield results equivalent to the
_ Completed Test. The membrane filter
fnethod also is accepted for examination
‘of waters subject to interstate regulation.

2 The 12th edition of Standard Methods
introduced a standard test for fecal

. coliform bBacteria. It is emphasized
that this is to be used in pollution

+ studies, and does not apply to the
evaluation of water for potability.
This procedure has been continued in
t}xe 13th and 14th Editions.

B Applications

1 Tests for the coliform group as a
whole are‘used in official tests to
comply with interstate drinking water
standards; state standards for shell-
fish waters, and in mqst, if not all,
cases where bacterial standards of
water quality have been estdblished
for such use as in recreational or
bathing waters, water sipplies, or
industrial supplies. Laboratory
personnel shouldbe aware of possible’
implementation of. the fecal coliform
group as the official test for-recreational
and bathing waters. ', '’ .

2 Theecal coliform test has application
in water quality surveys, as an adjunct

. to determination of t9tal coliform
density. The fecalcoliform test is
being used increasingly in all water

o quality, surveys. .
4y

It is emphasized:that no responsible
worker advocates substitution of a. .
fecal coliform test for total coliforms |
in evaluating drinking water quality.

‘209 . h x.
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o Bacteriological Indicators of Water Pollution

) . Part 3.

I INTRODUCTION h '
\ &
Investigations regarding streptococeci
progressed from the streptococei of medical |
concern to those which were distributed in
differing environmental conditions which,.
again, related to the wglfare of man. The .
streptococci were originally reported by Laws
and Andrews (1894), and Houston (1899, 1900)
considered those Streptococci, which we now
call "fecal streptococci, " as ... "indicative
of dangerous pollution, since they are readily
demonstrable in waters recently pollutedsand
seemingly altogether absent from waters above
suspicion of contamination.

From their discovery to the present time the
fecal streptococci appear characteristic of

fecal pollution, being consistently present in
both the feces of all warm-blooded animals
and in the environment associated with animal
discharges. As early as 1910 fecal strepto- 4

» . cocci were proposed as indicators to the

Metropolitan Water Board cf London. -
However, little progress resulted in the
United States until improved methods of -
detection and enumeration appeared after
World War II, -

Renewed interest in the group ag. 1nd1cators
began with the introduction of azide dextrose
broth in 1950, (Mallmann & Seligmann, 1950).
The method which is in the current edition

of Standard Methods appeared soon after .
(Litsky, et al.- 1955). -

With the advent of improved methggds for o
‘detection and enumeration of fecal strep-.

tococcl,\:\ifxalif.icant body of technical

as appeared.

This outline will consider the findings of :
various investigators regarding the fecal.
streptococci and the significance of discharges
of thet orga.;xisms into the gquatic environment.

N .
o
' ’ .

.

. I FECALVMA‘I‘ERIALS - T

-
-
»
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A Definition

B
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»
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The Fecal Streptococci

The terms "enterococci, " ""fecal ~
" treptococei, " "Group D‘streptococci, "
"Streptococcus fecalis, " and even
"streptococci” have been used in a loose
and interchangeable mdnner to indicate
the streptococci present in the enteric
tract of warm-blooded animals or.of the
fresh fecal material excreted therefrom.

e -

Enterococci are characterized by specific
taxohomic biochemistry. Serological
procedures differentiate the Group D
streptococci from the various groups.
Although they overlap, the three groups,

. fecal streptococcus, enterococcus; and
Group D streptococcus, ar'e not synonymous.
Because our emphasis is on indicators of
unsanitary origin, fecal streptococcus is
the more appropriate term and will include
the enterococcus as well as other groups.
Increasing attention is beingpaid to certain
streptococci found in humans and certain
birds whic were, at one time, considered
to be biotypes of Str. faecalis or
Str. faecium and'therefore legitimate

,,,,,, These are now con-
s1dered to be in a separate group in their

»own right, the Group Q streptococci.

o~

A rigid definition of the fecal streptococcus
.+ group is not possible with our present
knowledge. The British Ministry of Health
(1956) defi'nes the organisms as "Gram-
positive" cocci, generally occurring in
pairs or short chains, growing in thed
presence of bile salt, usually capable of
development at 45° C, producing acid but
not gas in mannitol and lactose, failing to
attack raffinose,. failing to reduce nitrate
to nitrite, producing acid in litmus milk
and precipitating the casein in the form of

a loose, but solid curd, and exhibiting a *
. greater resistance to heat, to alkaline

conditions and te high concentrations of
salt thap most vegetative bacteria."
However, it is pointed out that "streptococci
departing in one or more particulars from
thé type species cannot be disregarded

i;r water. "

W
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Standard Methods (14th ed.; 1975)
describes the fecal streptococci as pure
culture pelective medium organisms |
“  which are Catalase negative and capable -
-of originating growth in BHI broth
(45°C. for 48 hours) and Bile broth
medium (35° C, for 3 days).
L .
For the proposes of this outline, and in line
with the consensus of most'water micro-
' biologists in this country, the general
definition of the fecal streptococci is-

"“The group composed of Group Dand Q
species consistently present in
significant numbers in fresh fecel
excreta of warm~blooded animals,
which includes all of the enterococcus
‘group in addition to other groups of
streptococei. "

A

B Species Isolated

« e e
¢ ¢

[

“

1 fmdfngs

*~ a Human feces
R
Examination of human fecal specimens’
yields a high percentage of the
enterococcus group and usually
- demonstration of the S. salivarius
which is generally considered a
- member of-the human throat flora
and to be surviving in human fecal
materials rather than actively
multiplying in the enteric tract, -
+ Also present would be a small
percentage of variants or biotypes
v of the enterococcus group.

4

b Nonhuman Reces °

d 1) Fecal material which are from

: " nonhuman and not from fowl will
yield high percentages of the
'S._bovis and/or S. equinus

- organisms with a concomitantly

reduced percentag? of the
enterococcus group.

Fowl excreta

Excrement frém fowl characteris-
Ly yields a large percentage °

’

g .
percentage.of enterocoécusg
' group.

- - 2 Significance

Species associations with particular

animal hosts is an established fact and

leads to the important laboratory .
technique of partition counting of colonies
from the membrane filter or agar

pour plates in order to establish or
confirm the source of excretal - — - —.
pollution in certain aquatic investi-

gations. . :

It is important to realize that a suitable °
medium is necessary'in order to

allow all of the streptococeci which

we consider to be fecal streptococci ‘,

) to grow in order to give credence to
the derived opinions. Use of liquid
growth media into which direct

~-inoculatiohs.from.-the sample are ! .
made bave not proven to be successful
NS for partition counting due té the di‘ffe?-ing

growth rates of the various species of
streptococci altering the original |
percentage relationships, Due to'the
limited survival capabilities of some .
of the fecal streptococci it is necessary
to sample fresh fecal material or water
samples in close proximjty to the - .
pollution source especially when
multiple sources are contributingto a
reach of water. Also the pH range,

\- must be within’the range of 4,0-9,0,

Standard Methods (14th ed,, 1975) now
includes a schematic allowing for the -
identification of fecal streptococci types
present within a given sample.

OI FECAL STREPTOCOCCI IN THE
+  AQUATIC ENVIRONMENT :

)

A General ,

-
»

From the foregoing it is appears that
. the preponderant human fecal gfreptococei
are composed of the enterococcus group
.and, as this is the case, sevéfal media are
presently available which will detect only
_the enterococcal group will be suitable -
- —__ for use with aquatic samples which are
- known to'be contaminated or potentially °
- contaminated with purely domestic
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B” Stormwaters and Conibined Sewers

o

(human) wastes, On the other hand, ' * °
whén it is known or suspected that otlier-
than-human wastes have potential egress
to the aquatic environment under investi-
gation, it is necessary to utilize those

‘media which are capable’ of quantitating

the whole of the fecal streptococci group.

14

1 General

\ . ®
L4

Storm sewers are a Beries of pipes

and conduits which receive surface
runoffs from the action of rainstorms
and do not include sewage which are
borne by a system of sanitary sewers,
Combined sewers-receive both the storm
runoff and the water-borne

wastes of the sanifary systém.,

Both storm water and combined

sewer flows have been found to |
usually contain large quantities of

'fecal streptococci in numbers which
generally are larger than those of

the fecal coliform indicator orgi_misms.

Bacteriological Findings .3 .
Table 1 represents, in.a modified form,
some of the findings of Geldreich and *
Kenner (1969) with respect to the
densities of fecal streptococci-when

considering Domestic sewage in contrast

to Stormwaters-

The Ratlo FC/FS is that of the
Fecal coliform and Fecal streptococci
and it will be noted that 'in each case,

. when considering the .Domestic

Sewage, it is 4.0or greater while
it'is less than 0, Tpfor stormwaters.
The use of this ratio is useful to
identify the source of pollutj.on as
being human or nonhuman warm- .
blooded animal pollut “When the ratio
is greater than 4.0 it is densidered to ve'
human waste contaminated

at

of less than 0.7 is considered to be -
nonhaman, It is evident that the storm-
waters have.been primarily polluted by
excreta of ratg“and.other rodents and
possibly domestlc and/or farm animals.

hile a ratio

\

" Species differgnces are the main cause
of different fecal coliform-fecal
streptococci ratios. ‘Table 2 compares
fecal streptococcus and fecal coliform
counts for different specjes. Ever
though individuals vary widely, masses
of individuals in a species have charac-
teristic proportion of indicators.

Surface Waters

In general, the occurrence offecal -
streptococci indicates fecal pollution and
its absence indicates that little or no
warm-blooded fecal contribution, .In

studies of remote surface waters the fecal .

streptococci are infrequently isolated and
occurrences of small numbers can be
attributed to wild life and/or snow melts
and resultant drainage flows.
Various examples of fecal streptococcal
occurrences are shown in Table 3 in

relation to surface waters of widely varying

quality, (Geldreich and Kenner 1969)-
FECAL .STREPTOCOCCI:
AND LIMITATIONS

,
-

General

Serious studies concerning the streptococci

were institutedwhen it became apparent
that they were the agents responsible or
suspected for a wide variety of human
diseases. Natural priority then focused
itself to the taxomomy of these organisms

. and this study- is still causing consternation
- as more and more microbiologidl techniques
have been brought’to bear on these questions;,

"The sanitary-mjcrobiologist is-concerried_
with those streptococci which inhabit the
enteric tra¢t of warm-blooded animals,

théir detection, and utilization in develop- ,
ing a criterium for water quality standards,

- AN

.
. > . .

ADVANTAG?:S &

-

&
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Tablel - : < : Table 3
. DISTRIBUTION OF FECAL STREPTOCOCCI INDICATOR ORGANISMS IN SURFACE ,
- IN DOMESTIC SEWAGES AND STORMWATER - WATERS
RUNOFFS . Dengities /100 ml )
Fecal Streptococci - i Feca Fecal
per 100 ml Ratio — Water Source coliform streptococei
Water.Source _median values FC/FS - .
Prairie Watersheds .
. Domestic Sewage . = >
Preston, ID 64,000 -, Cherry Creek, WY 90 83
Fargo, ND 230, 000 Saline River, KS . 95 180
Moorehead, MN  330,-000 Cub River, ID 110 160
Cineinnati, OH 2,470, 000 Clear Creek, CO 170, 110
Lawrence, MA 4,500, 000 ' . |
Monroe, MI 700, 000 Recreational Waters
Denver, CO 2,900, 000 ° .
. -Laké Mead 2 ' 444
Stormwater s Lake Moovalaya 9 - 176
. Business District 51, 000 0.26 Colorado River ~ . ™4 256
Residential 150, 000 0.04 - Whitmgn River 32 - 88
Rurdl 58, 000 0.05 Merrimack River 100 96- *
, - Public Water Intakes .
- : Missouri River (1959 . .
~N . : Mile 470, 5 11,500 39,500
: ! - . ' Mile.434.5 , 000 79, 000
— Mile 408, 8 14, 000 59, 000
) -
Table 2. ESTIMATED PER CAPITA CONTRIBUTION OF INDICATOR MICROORGANISMS
- FROM SOME ANIMA LS* .
] )' . Average indicator -~ -Average ‘contribution ° - . N
density per gram per capita per 24 hr .
, of feces _
- . " Avg wt of ‘Fecal -~ Fecal ' Fecal Fecal . t
Animals Feces/24 hr, coliform, '@ streptococci, coliform, . streptococci, Ratio )
o, wet wt, g million © -~ million million < millfon ~ FC/Fs
’ - - « ‘ . . . A . ;
Man 180 »13.0 . 3.0 — 2,000 . .450 4,4 -
Duck 336 33.0 54,0 11, 000 18,000 0.8 - Co
Sheep 1,130 .16.0 38,0 18,000 43, 000 0.4
* «Chickenn isg2 <+ 1.3 SN 240, © 8200 - 0.4 ;
‘Cow - 23, " 0,234, 1.3 5,400 31, 000 0.2 '
, Turkey = - x T 0,29 - 2,8 130 1,300 0.1 C
. o B . R AN . . -
. Pig 2, 100 3.3 84.0 - 8,900 230, 000 - .0.04 ~
Y. #publication WP-20-3, P. 102~ - T -
& ‘ . v 4 MR ? .
i 1-16 = [N N ¥ g Bl ¢ ' ’ AY . J
; L . ) - ' - . . ) 33 * i ) N ! ‘2‘
L . » : S . . L
%, - ' » . .. Ki ” » :
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of the fecal streptococci as indicatots of

pollution resulting from: j "

1 Multiplicity and difficulty of laboratory
procedures L.

2 Poozl'ﬁagreement between methods of
quantitative enumeration_

3 .Lack of systematic studies of ', . . .

a sources
. b surxival, and
-,K interpretations, and ¥

«
4 Undue attention to the S. faecalis group.
Increased attention to the fecal streptococci,
es;@;;ially during the last decade, have -
clarified many of the earlier cloudy issues
and have elevated the stature of these
organisms as indicators, of, poli_{ztion:“—
Court precedents establish‘ﬁfg legal status
and recommendations of variou# technical
advisory boards have placed the fecal
coliform group in.a position of primacy
in many water quality applicatigns, ,The
fecal streptococci have evolved from a

_ position of a theoreticaﬁy useful indicator
to one which was ancillary to the coliforms.
to one which was useful when digcrepancies’
or questions evolved as to the validity of
the coliform data to one ‘where an equality
statis was gehieved in certain applications.
In the future it is gnticipated that, for
certain applications, the fecal streptococci
will achieve a position of primacy for
useful data, and, as indicated by Litsky
(1955) "be taken out of theqgealm of step-
children and given their legitimate place .
in the field of santiary bacteriology as
indicators of sewage pollution,

ORI

B+ Advantages and Limitations

1 Survival )

. In general, the fecal streptococci ﬁave
bee.n observed to have a more limited

_ survival time in the aquatic environment

" when compafed to the coliform group,

>, . o

- Kabler (1862) discussed the slow acc;e;;tance ‘.

> have.limited sanitary significance.

W

-

b

They are rivaled'in this respect only
by the fecal coliforms. Except for cases
of persistence in waters of high electro- 1
lytic content, as may be common to
‘irrigation waters, the fecal streptococci -
have Tbt ‘betn observed to multiply in°
polluted waters®as.may sometimes be
observed for some of the coliforms,
Fecal streptococci ysually require a
greater abundance of nutrients for sur-
vival as compared to the coliforms and+
the coliforms are more dependent upon
> the oxygen tension in the waterbody,
In a number of situations it was concluded‘ .
at the fecal streptococci reached an -

) inctiop point more rapidly in warmer °
. aters

hile the reverse was true in the
colder situations as the coliformg now
were totally eliminated sooner.

Re_sistance to Disinfection

In artificial pools the-source of
contaminatiqn by the bathers is
usually limiteq to throat and skin-
flora and thus increasing attention
has been paid to indicators other’
than those traditionally from the
enteric tract. ,Thus, one of the
organisms considered to be a fecal
streptococei, namely, S, sallvarius,
cdn be a more reliable imdicator -
when detected along with the other
fecal streptococci especially since
studies have confirmed the greater: v
resistance of the fecal streptococel °
to chlorination. This greater - -
resistance to chlorination,“when .
cofiipared to the fecal colifprihs, is
important since the dieoff ¢curve o
differences are insignificant when’ T
"the curves of the fecal coliforms

are compared tg various Gram

negative pathogenic bacteria which, -

reduces their effectiveness as
indicators. ’ )

&2

-

. ..

4

"Ubiquitous Strains

* Among the fecal streptococcus are

two organisms, one a biatype apd

the other a variety of the S, faecalis, |
which, being ubiquitous (omnipresent) BN

¢

. -, -,
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ebiotype, or atypical, S. faecalis Lake Michigan waters, Several sets.of @
{s characterized by its ability-to . triteria were established to fit the intended
hydrolyze starch while the variefal - . -ases for this area. .The uge of the fecal -
form, liquefaciens, is nonbeta . ¢ streptococci as a critertmi is indicated to

molytic and capable of liqdefying © _ be tentative pending the accumulation of
gelatin, Quantitation of thesé organisms existing densities and could bé modified in °
in anomalous conditigns is due to their future standards. - _ )

. capability of survival in soil or high = . . . .
electrolytic waters and in waters with * ¢ With the existing state-of-the-art knowledge
a temperatire of less than 12 Degrees €. . |, of the presence of the fecal streptococci in
o N waters containing low numbers of fecal

Samples have been encountered which . coliforms it is difficult to estqblish a specific
have been devoid of fecal coliforms . fecal streptococcus density limit of below
and yet contain a substantifl numbeét of . 100 organisms/100 ml when used alone or
"fecal streptococci” of whigh these in conjunction with the tdtal ¢oliforms. .
abiquitous strains constitute th rity .

"\ or all of the isolations when a;y\zéd . ’ atMaeful application of the fecal
" o/ biochemically. ’ : Occus test is in the de¥elopment

of the fecal coliform: fecal streptocaccus, '
ratio as previously described.

V STANDARDS AND CRITERIA
LY -

Acceptance afd utilization of Total ‘Coliform : o
criteria, which must now be considered a :
pioneering effort, has largely been supplanted .

in concept and in fact by thé fecal coliforms
in establishing.standards for recreational '’

waters, : +

- o

The first significant approach to the utiljzas,
tion of the fecal streptococci as a criterfum® @
for recreational water standards occurred in
1966 when a technical commijjee recommended
the utilization of: the fecal streptococci with the
total coliforms as criteria for standards
fertaining to the Calumet River and lower

R .

°
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1 TOTAL BACTERIAL COUNTS

- " s

A Historical - e
‘ 1 The early studies of Robert Koch led
.. * him to develop tentative standards of
. water quality based on a limitation of
3 *  not mere than 100 bacterial colonies °
per ml on a gelatin- plating medium
incubated 3 days at 200C. i

2 Later developments led to inoculation

. of saniples on duplicate plating media,

. with one set incubated at 370 C and the
other at 200C.

% Results were used to -develop a ratio
> between the 370 C counts and the _
- 200 C counts.

- b Waters havi.ng a predominant
‘ ‘ k count at 37° C were regarded as
being of probable sanitary signifi-

cance, while those giving r

° .predominant counts at*20° C were
. considered to‘be of pRobable soil
" origin, or natural itants of

; ~ the water being examine;l.

°

a

-

" B Groups Tested -

" There is no such thing as "total" bacterial
count in terms of a laboratory determination.
. 1 Direct microscopic counts do not
5 differentiate between livin% and dead
cells:

2 Plate counting methqds enumerate only
‘ thé bacteria which are capable of using
- ‘ the culture mediim provided, under the
temperature and other growth conditions
used as a standard procedure. No one

. culture medium and set of growth

. conditions can provide, simultaneously,
SR . an acceptable environment: for all the
F . heterogeneous, often conﬂicting,
requirements of the total range of
bacteria which may be recovered from
wateérs, .

1

Part 4. Other Bacterial Indicator{ of Pollution

'._ - : . r . .
- ° P, . .

C Utilization of Total Counts_

1 Total bacteriaplgcoux'xts, -using, plating :
methods, are useful for: a 2

O -1 Detection of changes in the bacterial
R compositfon of a water source “’
" b Process gontrol procedures in e <
. treatment plant operations
c Determinetion of sanitary. conditions
in plant equipment or distributional *

systems _
3 Serious limitations in total bactetial
. counts exist because: . . .
/ . a No information is given regarding
) possible or probable fecal origin
¢ . of bactérial changes. Large numbers

» of bacteria can sometimes be
cultivated from waters known to be
free of fecal pollution,

. N .

b No information of any kind is given
‘about the species of bacteria -
cultivated.

o~ . -

¢ There is no differentiation between
harmless or potentially dangerous
forms., .

. 4

“3 Status of total counts 4 .

Methodology for the determination of
. the Standard Plate. Count.has been
* retained in the 14th Edition of Standard
" Methods for the stated reason:

. , )
. <+ "total counts may yield useful
' N /' information about the ‘quality of
< 4 water and supporting data on the

. ificance of coliform results | ...

> Z} o, useful in judging the efficiency *

- operation of various*water treat- ' -,
ment processes and may have sig- -
nificant application as an in~plant

"w control test. It is also valuable for .

periodic checking'of finished °
. " distribution water" N
9 (abridged for this-inclusion)

2-19
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L 4
Technique for the Standard Plate
Count is necessary for the
performance of the Distilled Water -
.Suitability Test as outlined in
Standard Methods and elsewhere w(thin
this manual;

' B, Spore-Forming Bacteria (Clostridium
perfringens, or C. welchii)

»
{

.1 Distribution .

This is one of the most widely distributed

spécies of bacteria. It is regularly

present in the intestinal tract of warm-
, blooded anima.ls ! T

, X

Nature of organism L

Q Eerfringens is'a Gram -positive,”

spore-forming rod. The spores cause
a distinct swelling of the cell when
formed. The organism is extreme]y
active in fermentation of carbohydrates,
and produces the well-known "stormy
‘fermentation of milk,

IS

Status .

' The organism; when presen§; lndicates
that pollution has occurred at some
time, However, because of the ex-
tremely extended viability of the spores,
it is impossible to obtain even an

) approximation of the recency of pollution
béased énly on the pregence of

C.. perfringens,

The presence of the organism does r;gt
necessa.z:ily indicate an unsafe water.’

C Tests for Pathogenic Bacteria of Intestlnal
Origin ,

1 Groups considered: inclﬁd'e Salmonella
sp, Shigella sp, Vibrio omma
MLobacterium sp, Pasteur

) Legtoggira sp, and others.

-~

8p,

Merits of direct tests:

Demonstration of any pathogenic
species would detonstrate an
unsatisfactory water quality, hazardous
to persons consuming or coming into .
contact with that water..

Limitations

a There ig no avkilable routine pro-
cedure for detection'of the full
range of pathogenic bacteria cited
above, s

b Quantitative methods are not avail-
able for routine application to arny
of the above. .

¢ The i,ntermittents”'release of these
pathogens makes it impossible to -
regard water as safe,” even in the..

Lo absence of pathogens. .

. d -Alter detection,, the public already -

. would hdve been,exposed to the v
organism; thus, there is no built-in
margin of safety, as exists with_

tests for the coliform group.
.- .

T e
4 Applications . . !

.

a In tracing the source of pathogenic
bacteria in epidemiological investi-
gations -

A

b In special rese‘srch projects

¢ In efater quality gtudies con/cerned
with enforcement actions against
poliution, increasing attention is

--—being given to the demonstration of
enteric pathogenic bacteria in the
presence of the bacterial i.nd.tcators
of pollution.

.
~ .
- Pl

D Miscellaneous Indicators

STt is beyond this discussion to explore the

total range of microbiological indlcators
of pollu‘: that have been proposéd and
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e
investigated to some extent. Mention can
be made, however, of consideration of
- ~tests for the followjng.
. - < ’ . .
1 Bacteriophages specific fogany of a
number of kinds of bacteria

2 Tests for Enterovirus
s

3 Set!'c'zlogical procedures for detection
of coliforms and other indicators: a
certain amount of .recent attention has
been given to applications of fluorescent
antibodies in such tests
5 <
4 ‘Tests for Klebsiella
a v -
5 Tests for Psetidomonas aeruginosa

" 8 Tests for Sal;x‘c;nélla

e . : ’ . ' -t o
f/« 7 Tests for Fungi '

.8 Tests for Stﬁhylococcus -
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EXAMINATION OF WATER FOR C)OLIFORM AND{ . ) : -
‘ . : FECAE-STREPTOCOCCUS-GROUPS ™ - C e
) s (Multiple Dilution Tube {MPN] Methods) )
Y - - : * » N - R el )
1 INTRODUCTION B Part2 = o N
The subject matter of this outline is contained . Detailed,, day-by-day, procedures in tests -
in three parts, as follows- - . , for the coliform group and subgroup$’ . :
. . within the coliform group., . .
A Part1 ’ = ; - . : .
C Part3 . ) . ‘ , i
1 Fundamental aspects of multxple dilution T . ‘; *
“:  tube ("most probable numbers") tests, - Detailed, day-by-day, procefures in tests
both from a qualitative and a quantitative for-members of ‘g‘le fecal streptococci. ° %
viewpoint. . . :
D Application of Tests to Routine Examinations
2 Laboratory } bench records. ‘- . . ‘ . B>
= - The following considerations (Table 1) apply-
3 Useful techniques in multip?e d11utxon . to the selection of the Presumptive Test,
* tube methods. . the Confirmed Test, and the Complete% . .
g Pest. Termination of testing at the ' )
4 Standard supplies, equipment, and Presumptive Test level is not practi€ed . . 0 3:'
media in multiple dilution tube tests. .by labgratories of this agency. It must : I
be realized that the Presumptive Test alone
N . has limited use when water quality is to,,
" \\ S C e be determined ) .
. ' v Q, ‘. ' . -, -~ «
‘\ -f ’ . | y » N
b Vo T TABLE 1 « ..
) \ Examination Terminated at - B ‘ i .
Type of Receiving Presumptive . Confirmed Test " ~~ Completed Test N
Water, _ . Test ) .. 2~
Sewage Receiving » Applicable ~ Applicable . * Important where results ;
v . | ) : . are to be used for control PR
Treatment Rlant - Raw Applicable Applicable of raw or finished water. 4
.. \ L . . M Applicatiof; to' a.statis- ) §
Chlorinated A Not Done Applicable 1l tically valxi%‘nufnber of i
N . samples from the !
Bathing 4 " Not Done Applicable Confirmed Test to estab- o
v , i lish its yalidity in ~, ~: i
Drinking ) - . Not Done Applicable * determh}'mg the sanitary "
1T - g WD - N - — quality. ‘ PRI e
Other Information . %’ Applicable in all ' . ’
t . . cases where Pre- ‘ ¢ >
\ ) . sumptive Test alpne| [ 3,
’ - ._is unrelable, - TN
A - i i v = — R RN Y
. ) - e . T
\ NOI‘E- Mentjon of commercml products and manufacturers does not imply endorsement hy the
R Environmental Protection Agency. ' ) ‘ . o
- s s L ) - . = - b »} . .
s . -~ : - A . . -
W, BA, 3m, 8a. oo <o B ‘ . . :
. B ?8‘ o ., . CoL - 3-1» S
hd A ‘ 4 O - M'z R - ;
~ ‘e , > . ' - R . ‘;“’ -
) .': % ) . \ . . ot
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%" II BASIS OF MULTIPLE TUBE TESTS
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A Qualitative Aspects o

1

For purely qualitative aspects of testing _
for indicator organisms, it is convenient
‘to consider the tests applied to one .
sample portion, inoculated irito a tube

of culturg mediym, and<the follow-up
examinations and tests on results of the
original inoculation, Results of testing
procedures are definite: positive

. *(presence of the organism«~group is

demonstrated) or,negative (presence of
the organism-group is not demonstrated., )
Test-procedures are based on certain
fundamental assumptions:

a First, even if only one living cell of
-the test organism is present in the _
sample, it will be able to grow when
introduced:into the primary inoculation
medium;

b Second, growith of the test organism
in the culture medium will produce
a result which indicates presence of
the test organism; and,

‘c,* Third, extraneous organisms will
- not grow, or if they do grow, they
wﬂ1~not limit-growth of the test
organism* nor will they produce
gfowth-effects that will be confused
* with those of the bacterial group for
which the test is designed

Meeting these assumptions ustally

* makes it necessarx.to conduct the tests

in a series of stagés (for example the |
Presumptive, “Confirmed, and Completed
Test stages, respectively, of standard
tests for the coliform. group)

Features of a full, multi- stage, test

a First stage: The culture medium
- usually serves primarily as an .
‘ enr:lchment medium for the group
tested. A good first-stage.gfdwth
+medium should support growth of all
the living cells of the group tested,
and it should include provision for
indicating the pFesence of-the test’

.\‘.3-2 |

organism being studied. A first-
stage medium may include some
component which inhibits growth
of extraneous bacteria, but this
feature never should be included

" if it also inhibits growth of any

cells of the group for which the

test is designed. The Presumptive
Test for the colifo¥m group is a
gbod example. The“medium
supports growth, presumably, of
all Hving cells of the coliform
group; the culture container haga
fermentation vial for demonstration
of gas production resulting from
lactose fermentation by coliform
bacteria, if present and sodium
lauryl sulfate may be included in
one of the approved niedia for -
suppression of growth of certain’ —
noncoliform bacteria. This

additive apparently has no adverse
effect on growth of members of the
coliform group {n the concentration
used, If the result of the first-stage
test is negative, the study of the
culture is terminated, and the result .
8 recorded as a negative test. No
further study is made of negative ’
tests, If the result of the first-
stage test is positive, the culture
.may be subjected to further study

to verify the findings of the first
stage.'“

Second stagé: A transfer is made

from positive cultures of the first-
stage test to a second culture medium,
This test stage emphasizes provision
to reduce confusion of results due to
. growth effects of extraneous bacteria,
only achieved by addition of
(The

-démonstration of coliforms in the
' medium. BFi{lliant green dye and N

#hile salts are included as inhibitory

ageflts which tend to.suppresgs growth
wof practically all kinds of hdncoliform
bacteria, but do fot suppress growth
‘of coliform bacteria when used as
directed), " -




MPN Methods

B
If result of the second-stange test is
negative, the study of the culture is
terminated,  and the result is recorded
as a negative test. A negative test here
means that the positive results of the
first-stage test were "false positive, "
due to one or more kinds Sf extraneous
bacteria. A positive second-stage test _
is partial confirmation of the positive
results obtained in the first-stage test;
the culture may be subjected to final
identification through application of still
further testipg (p'rocedures' In routine
practite, most sample examinations
are terminated at the end#f theé second
stage, on the assumption that the result
would be positive if carried to the“third,
and final stage. This practice should be
followed only if adequate testing is done
to demonstrate that the assumption is
valid. Some workers recommend contin-
uing at least 5% of all sample examina-
tions to the third'stage to demonstrate
the reliability of the second- stage result:

> Y

.

[

B Quantitative AYpects of Tests

1 These methods for determining bacterial.

numbers are based on the assumption
that the bacteria can be separated from
one another (by shaking or other means)
resulting in a suspension of individual
bacterial cells, "uniformly distributed
through the original sample when the
primary inoculation is made.
Multxple"ailutlon tube tests for quant1ta-
. tive determinations apply a Most Probable
. Number (MPN) technique. In this proé-
cedure one or more measured portiong™"
.of each of a stipulated series of de-
creasing sample volumes is inoculated’
- into the first-stage culture medium.

" Through decreasing the sample incre-
ments, eventually a volume is reached
where only one cell is mtroduced into.

-

%

s

L
some tubes, and no cells are il{trddug:‘eé .

into other tubes. Each of the several
tubes of sample-inoculated firgt-stage
medium is tested irflependently,
according to the principles previously
described, in the qualitative aspects -
of testing procedures, :—"'
3 The combination of positive and

negative results is used in an application

of probability mathematics to secure

a single MPN value for the sample.

4 To obtain MPN values, the following -
conditions must be met:

a The testing procedure must result
in one or more tubes in_which the
test organism is demonstrated to
be present; and . - -

e o,

The testing procedure must result
in one or more tubes in which the .
test organism is not demonstrated
fo be present.

5 The MPN Value for a given sample is °
obtained through the use of MPN Tables.
It is emphasized that the precision of
an individual MPN value i8 not great
when compared with most physical or
chemical determinations.

-

6 Standard practice in water pollution
surveys conducted by this organization,
is to plant five tubes in each of a series
of sample increments, ir sample

.- volumes decreasing at decimal intervals,
For example, 'in testing known polluted
waters, the initial sample inoculations
might consist of 5 tubes each in volumes
of 0.1, 0,01, 0,001, and 0,0001 m],
respechvely This series of sainple
volumes will yield determinate results
from a low of 200 to a high of 1,600, 000
organisms per 100 ml.

I




I LABORATORY BENCH RECORDS
A Features of a Good Begch Record Sheet

1 "Provides complete identification of the
sample,

2 Provides for full, day-by-day informa-
*. ' tion about _gll tests performed on the
'sample./a‘-u . )
Provides easy step~by-step record )
.applicable to any portion of the sample,
_ 4 Provides for recording of the quantitativi
result which will be transcribed to sub-

sequent reports,

5 Minimizes the amount of Writing by the
.- analyst,

t Identifies the analyst(s).\ .

B There is no such thing as "standard"
bench sheet for multiple tube tests; there
are many versions of bench sheets. Some
are prescribed by administrative author'ity
(such as the Office of a State Sanitary
Lo -Engineer); others are devised by laboratory~
. " or project personnel to meet specific needs,

. .
.
- . . .

. . ) : * !
Kv:» . C ggt is notthe purpose of this discussion to
G’;}« recommend an "“ideal" berich form; however,
L the form used in this training course ) :

manual is essentially simﬁar to that used
in certain résearch laboratories &f‘ this?,
organization, . The student enrolled 'n.the .
2 - course for whigh this manugl is written © %
.o E should make self thoroughly familiar
: . :;with the bench sheet and itg proper use,
. See Figure'l,

- S
vy - &

v

.

NOTES ABOUT WORKING PROCEDURES

IN THE LABORATORY

Each'bacteridlogical exanréiatmn of water
by multiple dilution tube methods requires
a considerable amount of manipulstion;
much is quite repetitious, Laboratory
workers must develop and maintain good

- routine working habits, with constant

alertiiess to guard against lapses into

- careless, slip-shod laboratory procedures

B

and "short cuts" which only can lead to
lowered quality of laboratory.work.

Specific attention is brought to the following

- by no means exhaustive, critical aspects of

laboratory procedures in multiple dilution
tube tests:

1 Original sample

a Follow prescribed care and handling |
procedures, before testing. .

,R Maintain absolute identificﬁion of
. sample at all stages in testing._{
s

¢ Vigorously shake safnples (and
sample dilutions) before planting
in culture tmedia. '

2 Sample measurement into primary
culture medium ‘' ..

a Sample portions must be measured\«-
accurately. into the culture medium
for reliable-quantitative tests to be
made. Standard Methods prescribec
that calibration errors should not
exceed + 2, 5%, .
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" volume. -

" Workers should demonstrate

]

Suggested sample ineasuring practices
are as follows: Mohr measuring
pipets are recommended. 10 ml
samples are delivered at the top of
the culture tupe, using 10 ml pipets,
1.0 ml samples are delivered down
into the culture tube, near the sur-
face of the medium, afd "touched
off" at the side of the tube when the
desired amount of sample has been
delivered, 1.0 mlor 2.0 ml pipets
are used for measurement of this
0.1 ml samples are
delivered in the same manner as 1,0
mil samples, using great care that
the sample actually gets into the
culture medium. Only 1,0 ml Plpets

are used 1or this sample volume,
After delivery of all sample incre-
ments into the culture tubes, the
entire rack of culturg tubes may be
shaken gently to carry down any of
the sample adhering to the wall of
the tube above the medium.,

actual
tests that thepipetsandthe technique
inuseactually delivers the rated volumes
withinthe prescribed limits of error,

Volumes as small as 0. ! ml routinely
cdn be delivered directly from the
sample with suitable pipets. Lesser
sample volumes first should be'diluted,
with subsequent delivery of suitable
volumes of diluted sample into the
culture medium. A diagrammadtic
sgheme for making dilutions is shown
in Fig'ure 2.

3" Reading of culture tubes for gas
production

A "

a 'On removal from the incubator,

shake culture rack gently, to

, encourage release of gas which
may be supersaturated in the culture
" medium,

— .

A}

LY

a\

A

4

» kS s

b “Gas in any guantityis a positf?re test.
It is necessary to work in conditions
of:suitable lighting for easy recog-

* nition of the extreme%y
of gas inside the tops of some
fermentation vials,
eading of -liquid culture tub&s for .
wth as indication of a positive test
requires good lighting, Growth is’

‘. shown by any amount of increased

5

'8

¢ turbidity:or opalescence in-the culture

medium,1 with or without deposit of
sediment at the bottom of the tube.

Transfer of cultures with inoculation
loops and needle

ways sterilize inoculation loops
nd needles to glowing (white hot)
in flame immediately before transfer
of culture, do net lay it down or _
ouch it to any non sterile object
before making the transfer, i

3

1; After sterilization, allow sufficient
time for cooling, in the air, to avoid

. heat-ld.lling bacterfal cells which will

be gatherell on the wire,

¢ Loops should be at least 3mm in inside
diameter, with a capability of holding

a drop of water or culture.

For routine standard transfers
requiring transfer of 3 loopsful of
culture, (Fecal Steptococci) many

small amounts

M,

‘workers form three- 3-mm loops .on the

‘same length of wire.

As an alternattve to use of standard
inoculation loops, the use of
"applicator sticks" is described in the

v

s

, 14th Edition of Staifidard Methods.
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Figure 2. PREPARATION OF DILUTIONS

)

Dalution Ratios:

~

v ; v
N T Water - 1m1__. 99 ml
’ Sample blank
: »ik‘x

o KN

Delivery volume 0.1ml

Tubes o——.—

.

Actual volumg Iml
p $ample in tube .

.- s

The applicator sticks are dry heat
sterilized (autoclave sterilization is
not“acceptible because of possible
release of phenols if the wopd is
steamed) and are _used on % 'single-
service basis, Thus, for every
positive culture tube transferred, a
new applicator, stick is'uséd,
. This use of applicator sticks is
.. . . particularly attractive in field .
* situations where it is inconvenient or
. impossiblesto provide a gas burner
suitable for -sterilization of the -
inoculation loop,.. In addition, use of’
applicator sticks is favored in
laboratories where room temperatures
‘are significantly e1evated by use of
. o, ' .gas burners. .

.

-

a (DOOO OO

" Petri sthes or Cg‘lture Tubes

e ——————

0.1 ml; 0,0l ml 0,00rmil"

7 Streaking cultures on agir surfaces,

a All streak-inoculations should be
made without breaking the surface
Learn to use a light
touch with the needle; however,
many inoculation needles are so .
Sharp that they are virtually useleés
When the needle is"
platinum or platinum- imdxum wire,
it sometimes is*beneficial to fuse
the working tip into a small sphere,
This can be done by momentary .
insertion of a well-insulated (agdinst
eIectric1ty) wire into a carbon arc,
or sbme other extremely hot environ-
The sphere should not be more
than twice the diameter of.the wire
from which it is formed, otherwise
it will be entirely too heat-retentwe
to be useful,

in this respect.
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When the needle is nichrome b The culture should be young, and
resistance wire, it cannot be heat- should be actively growing, Many
tused; the writer prefers to bend workers doubt the validity of the )
the terminal 1/16 ~ 1/8" of the wire ) Gram stain made on a culture more

at a slight angle to the overall axis than 24 hours old.
of the needle. The side of the -

W

o : Prepare a thin smear for the stainin
terminal bent portion of the rieetile c pa g
then is used for inoculation of agar - procedure.” Most beginning workers * .
surfaces. . tend to use too much bacterial sus- ,
pension in preparing the dried smear .

for staining, The amount of bacteria

. l *
b When streaking for colony isolation; should be 86 small that the dried film

- avoid using too much inoculum, The °
o streaking gattem is.80omewhat is barely visible to the naked eye,
b variable according to individual . £
\ . preference. The procedure favored -
LT by the writer is shown in the

accompanying figure. Note .V EQUIPMENT AND SUPPLIES . ' .

particularly that when golng from Consolidated lists of equipment, siupplies,

* an st f the st to
¥, neitont;e ;iilfhti:n n:::ﬁ.nigs :ﬁ:l:-e and culture media required for all multiple
- sterilized dilution tube tests described in this outline .
o are shown’in Table 2. Quantitative infor- o
: . mation is not presented; this is variable -
. 8 féegaratioﬁ of cultures for Gram according to the extent of the testing pro- _
' cedure, the number of dilutions used, and ] \
p the number of replicate tubes per dilution,
: :?;ZS ;:on;smr:g ::vlgu:: :e It is noted that-requirements for altérnate . ',
— nutrient agar surface (mutrient-agar ,progedures are fully listed and choices are \
slants are uged here) or fr om nutrient made in accordance to laboratory preference.
~ \ broth, . P
« . . . ) “
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_b Dip the tip of the inoculation needle into the bac- /
" terial culture being studied.

¢ “Streak the inoculation needle tip lightly back and
", forth over half the agar surface, as in (1), avoid-
ing scratching or breaking the agar surface.

d Flame-sterilize the inoculation needle and air-cool.-

"/ 2 a Turn the Petri dish one-quarter-turn and streak the
2 Z inoculation needle tip lightly back and forth over one-
B — -half the agar surface, working from area (1) into one-
. half the unstreaked area of the agar. |
U 1 b Flame-sterilize the inoculation needle and air-cool.

| .

a Turn the Petri dish one-quarter-turn anll streak the

. inoculation needle tigightly back and forth over one-
half the agar surface, working from area (2) into ~
area (3), the remaifling unstreaked area, '

-

b Flaﬁle-sgerilize the inoculation needle and set it aside.

-¢ Cloge the culture container and incubate as prescribed.

.
-

Figure 3. er SUGGESTED PROCEDURE FOR COLONY ISOLATION BY A
STREAK-PLATE TECHNIQUE ‘ :

Ao

L4

AREA 2
(Moderate growth}
N~ K
_AREA 3 (Isolated colonies) /. ) . -
: s APPEARANCE OF STREAK - PLATE ]

f S AFTER INCUBATION INTERVAL
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FERMENTATION TUBE TESTS

" “TABLE 2. - APPARATUS AND SUPPLIES Ii‘OR\ STANDARD .

fp scripm;n of Item

——— 4}~

~ TTTTGtal Coliform Group T -

- |_- Fecal Coliforms

Presumptive Confirmed

Test Test JTest

Completed

(EC broth)

) .
Lauryl tryptose broth or Lactose %
broth. 30 mlamountsof 1.5X °
concentration medium, in 25 X150 mm
culture tubes with dnverted fermen-
tation vials, suitable caps,

Lauryl tryptose brow or Lactose
broth., 10, m! amounts 3f single
strength medium in 20 ¥ 150 mm
culture tubes with inverted fermen=-

{ tatloy vials, suliable caps.

Al

Brilliant green lactose bile broth, 2%
{n 10 ml amounts,. single strength, *
n 20 X150 mm culture tubes with

. inverted fermentation vials,

4 suitible caps.

Eosin methylene blue agar, poured
in 100 X15 mm Petri dishes

Endo Agar, poured in 100 X 15 mm

* 3] dishes

“Nutrient agar slant, screw cap tube .

EC Broth, }0 ml amounts of single .
swrength medium in fermentation
tubus .

Culture tube racks, 10 X5 openings;
- each opening to sccept 25 mm dia-
meter tubes.

Pipettes, 10 ml, Mohlr type, sterile,
in suitable cans. ,

'

Blpettes, 2 ml (opuona.l), Morh type,—
sterile, {n suitable cans

Pipettes, 1 ml, Mohr type, sterile
in meta} sunable cans .

Standard buffered dilution water,
sterile, 99-ml smounts in screw-
+ “capped bottles,

]
Cas burner, Bunsen type

tnoculation loop, loop 3Imm dia« .
meter, of nichrome or platinim-
iridium wirs, 26 B & 3 gsuge, in .
suitable holdsr. {or sterile apglicator’
Btick) .

Inoculation needle, nichrome, or
platifum-iridium wire, 26 B& S ;
gauge, In l;m_able holder.”

3

incubator, sdjysted to 35 + 0,50C
Wsterbath {ncubator, sdjusted to

. 44,5+ 0,2°C. ,

Glass microsgopic slides, _}"X3'; '
Slide rscks (optionsl) . |

Gram-stain solutions, complete set
e

yCompound microscope, oil immer«
“‘;slm lens, Abbe' cpndcnser

sket for discarded cultures

' anuﬁug for discalded pipettes
. fial
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Part 2 ) 4 . ~s
: ‘ e DETAILERTESTING PROCEDURES FOR-MEMBERS OF-THE—v— < —— — -~ ——— =
y ° ‘ ; COLIFORM GROUP BY MULTIPLE DILUTION TUBE METHODS ~
e “ . £y :
- % . ..: * ?z L ‘,,:
r SCOPE ' - . 11" TESTING TO PRESUMPTIVE ‘ST 4
g C ; “‘, STAGE i
4 A- Tests Described - > -
! , ' N “A First-Day Procedures S
¢ 1 Presumptive Test, oo <L £ &
. o T Prepare a laboratory data sheet for —x
2 Confirmed Test : 5 = * the sample. Record the following !
' o information: assigned laboratory :
3 Completed Test . , number, source of sample, date and - ®
! - w time of collection, temperature of the .
.4 Fecal Golifoﬁm Test "f ° gource, name of sample collector,
. 4 ;¥ ] date and time of receipt of sfmple in 3
- B .Foym o{Presentgt,ion s 7 J\E . .. the laboratory. Also show the date
T ~ . + and time of starting tests in the
"" The Pr mptive, Coﬁfirm%ﬂ') and . laboratory, name(s) of worker(s) per-
- CompIe Tests age presenteq as total, forming the laboratory tests, and the
indépendent procedures. It is’ recog'nize% % . sample volumes planted.
. - that thig form of presentation ié somewhat’ 7 &
< repetitfous. inasmuch as the Presumptive © 2 Label the tubes of ]auryl‘tryptose'broth
. Test 18 preliminary to the Confirmed .% . Tgquired for the initial planting of the
Test, and Both the, Presumptive Tést and *: gample (Table 3), The label should-
, the Confirmed Test are preliminary to th@ " b r three identifying marks. The
: . Completed Test for total coliforgms. C L > upper Hupber is the identification of -
; ’ , . . fh warker(8) performing the test
. In using these procedures, the woPker e °(app1:lcab'1e to personnel in training
. must know at the outset-what is to be the - 2 _éourses), the number immediately L
LYo ‘stage at which the test is fo be ended, and N “below is the assigned laboratory,num-
) » the detaﬂs of the procedures throughout, -+ “ber, corresponding wigh the laboratory
. $  in order to prevent the possibility of Tecord sheet. The Jower number is‘the ¢
¥ ~,  -edigcarding gas-positive tubes before . 3. _ code’to desinate the sample volume
proper transfer Erocedures have been® . ¢ * and which tube of a replicate geries is .
followed. ‘ B . fndicated, R : .
s . . .
‘ U }l'l\us, if the worker knows that.the test will . :
. Ct be ended at the Confirmed Test, he ‘will Ll
- : turn at once to‘Section I, TESTING TO o Ty . 4
. THE CONFIRMED TEST STAGE, and wi]l &' v

dgnore Sections I and v,

E‘he Fecal Coliform Test is described

separately, in Section V, as an
adjunct to_the Confirmed Test and to the
4 Completed Test. -
M , k z

>
<

"NOTE: Be.gure fo use tubes containing
the correct concentrations of culture medium ¢
for the fnoculum/tube volumes, (See the
schap@@r on media and solutions for multiple
dilution tube methods or refer to the current ,
.edition of Standard Methods for Waternd '

Wastewater). » . . ToeE
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~
- ’ !
“ A
Py S
< -
\d
e % )
3 3-11 ]
Ag L
Ls ' r{i’
e .




.
N
|

\

|

A

G

-

PR T . ER . - N B ..,
. . . «

T M“” ~ I3 . -
: v . -
MPN Methods r - * "
: p N e ‘ {
¢ ¥ e ¢
o v L
LS ’ »
Table, 3-—SUGGESTED—LABELING‘SGPIEME FOR ORIGINAL CULTURES-AND—*—— — - T T T
SUBCULTURES IN MULTIPLE DILUTION TUBETESTS «
Tube | Tube | Tube | Tube |Tube Sample volume . . 3
L 1 2 3 4 5 represented mple
- : ¥ ~
Bench numper ‘312 312 312 312 312 Tubes with 10 ml :
Volume & tube A |5 B (o] D E _of sample \ -t v
> . B k] .
Bench number | 312 | 312 | 312 | 312 | 312 | Tubes with 1 ml 5. Werker ° i
Volume & tube a b c d e . of sample orker :
; - A , RB " Tdentification
Bench number_ ‘31__2__, 312 312 _} 312 312 Tubes with 0.1 ml -3124—Bench Number
a b d e .
I ,Volume & tube ~ b c d e of sample SA ple Volume:
Bench number 473 | 312 | 312 | 312 | 312 | Tubes with 0.01ml ’ '
Volume & tube | 1a s }b ic 1d le of sample
P L
Bench nmbér 312 12 312 312 7 312 Tubes with 0,001 ml
Volume & tube | 2a b 2¢ 2d 2e of sample -

A\

The labehng of cultures can be.reduced by labeling only the first tube of
each*Series of identical sample volumes in the initial planting of the sample.
oAl subcultures from jnitial plantmy should be labeled completely.

L)

3 Place the labeled.&ture tubes in an
orderly arrangement imra culture tube
\ ‘rack, with the tubes intended for the
_‘largest sample volumes in the front
. row, and those intended;for smaller
¢+ volumes in the succeeding rows.

4 Shake the shmple vigorously, approxi-
) mately 25 times, in an arc of one foot

within seven geconds and withdraw the
sample portion at once. - N

5 Meéasure the predetermined sample!
‘volumes ifito-the-labeled-tubes of lauryl-
tryptose bBroth, using care to avoid
intrbdiction of any bacteria into'the °
culture medium except-those in the
sampfe. L .

. incubator at 350 + 0.80C for 24 +
a Usea 10 ml pipet for 10 ml sample 2 hours.
portions, and 1 ml pipets for portions
of I'ml-or less. Handle stetile pipets
only near the mouthpiece, and protect
the delivery end from external con-
tamination. Do not remove the cotton
plug in the mouthpiece as this is
intended to profect theguser from .
ingesting any sample. . 3

-

B 24-hour Proeédures :

a8

shake gently. If gas is abdut to appear
in the ferme ion vials, the shaking
will speed the process.

RPN - »
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£ - < - " 2 Examine _e;il—tai)ecarefuuy .Record,
. in the column ''24" under LST on the
laboratgry data sheet, each tube showing
* . gas in the fermentation vial as a positive
> (+) test and each tube not showing gas
; . a8 a négative (=) test, GAS IN ANY
. QUAN TY IS A POSITIVE TEST,
/ ]
N - 3 Discapd all gas-positive tubes of lauryl
g - , tryptgse broth, and return all the gas-,
— negative tubes to thel 35°C.incubator for
T . % . .an.additional 24 ¥ 2 hours,
, C  48-hour Procedures
1 Remgve the rack of culture tubes from
4 the incubator, read and record gas
production for each tube. ~
g - 2 Be syre to record all results under the
2 48-hour L/TB column on the dg; sheet. /
‘Discard all tubes. The Prestimptive
Test|is concluded at this point, and
—_ Preshmptive coliforms*per 100 ml can
) be cdmputed according to the methods
descitibed elsewhere in this manual.
' ~ o TESTING \TO CONFIRMED TEST STAGE
! - Note thatthe description’starts with the
- . sample inoculation and includes the
PresumptiveJI‘e stage. The Confirmed
. Test preferred in Laboratories of this agency
is accomplished by neans of the brilliant
green lactose bile broth (BGLB) and the
"acceptable alternate tests are mentioned in
JIIF, In addition, the,Fecal Coliform Test s
t " included as an optionjl adJunct to the procedure,
. \ .
. * A First-Day Procedui‘\es v
- 1 Prepare a labora}iry data‘ sheet for the
' sample. Record the following,infor- °*
. .mation: assigned laboratory number, -
+ - source of sample, date and time of
Y -collectiom; temperature of the source,

%

name of sample collector, date and
time of receipt of sample in the
laﬁoratd’ry Also show the ‘date and

N t

. F

2

v

4

¥ e
time of starting tests in the laboratory
name(s) of worker(s) performing the
laboratory\tests, and the sample
volumes planted -,

Label the tubeB of lauryl tryptose broth \

required for the initial planting of the
sample. The label should bear three
identifying marks, - The, upper number .
is the identification of the worker(s)

.performing the test (applicable to

personnel in training courses), the

. number immediately below is the

assigned laboratory number, corres-
ponding with the laboratéry record
sheet. The lower number is the code
to designate the sample volume and

which tube of a replicate series is indicated.

,

NOTE: If 10-ml samples are being
planted, it is necessary to use tubes
containing the correct concentration

of culture medium. This has previously
been noted in IF A-2,

labeled culture tubes in an
rrangement in a culture tube

Place t
orderl,

rack, with the tuhes-tmtended for the ™

largest sample volumes in thé¥front
row, and those intended for smaller
volumes in the succeeding rows.
Shake the sample vigorously, approxi-
mately 25 times, in an up-and-down
motion. S

.

5 --Measure the predetermined sample
volumes into the labeled tubes of lauryl °

tryptose broth, using careto avoid
introduction of any bacteria into the

culture medium except those in the sample.

a Use a 10-ml pipet for 10 m] sample

portions, and 1-ml pipets for portions
Handle sterile pipets
only near the mouthpiece, and protect

of 1 ml or less.

. the delivery end from_external con-
tamination.

> sample

-

3-13

Do’ not remove thé cotton
plug irr'the mouthpiece as this is intended
to protect the user from ingesting any

s
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b When using the pipet to withdraw
PN _ sample portions, do not dip the
pipet more than 1/2 inch into the
. sample; otherwise sample running
down the outside of the pipet will
make méasurements inaccurate.

c When delivering the sample into the
. culture medium, deliver sample
. pottions of 1 ml or less down into
. the culture tube near the surface of
the medium, Do not deliver small
sample volumes at th the top of the tube
and allow them to run‘down inside
the tube; too much of the sample
will fail to reach the culture medium.
o
Prepare preliminary dilutions of
_samples for portions of 0, 01 ml or
less before delivery into the culture
medium. See Table 1 for preparation
of dilutions. NOTE: Always deliver
7 . diluted sample portions into the
culture medium as soon as possible
after preparation. The interval

Y

N ; introduction of sample into the ¢
medium never should be.as much
as 30 minutes

SN
~

[
‘.
[+

After measuring all portions of the
sample into their respective tubes of; *
medium, gently shake the rack of

o ) inoculated tubes to insure good mixing
T " ‘of sample with the ctilfure medium,

b Avoid vigorous shdking, as air bubbles
I - may be shaken into the fermentation

: " ... = wvials and thereby invalyate ;the test.-

Place the rack of inoculated tubes in

‘ 1

2 " the incubator at 350 + 0,50C for 24. +
e 2 hours.’

i B’ 24-hour Prozedures

< e .

1 Remove the rack of lauryl tryptose

%f‘ h broti tultures from the incubator, gnd
Yo shake gently. If gas is about to apg‘;r
Fo - inthe fermentation vials, the shaking

will speed the process

.

BT P
.
<

e
]

e
e e
TS

- between preparation-of dilutionand -~

2 Exdmine ¢ach tube carefully. Record,

.

(-3

-

.~

in the column "24'’under LST on thg_ R
Jaboratody data sheet? each tuhe showing ~
gas in thg fermentation vialas a -
positive (+) test and each tube not ' N
showing gas as a negative (-) test.

" @AS IN ANY QUANTITY IS A POSITIVE
TEST, .

.

3 Retain-all gas-positive tubes of lauryl . )
~tryptose broth culture in their place . .
in the rack, and proceed, e ’

s

' tryptose broth culture for Confirmed
Test procedures.,. Confirmed Test
procedures may not be required for all
gas-positive cultures If, after 24-hours -
of i.ncubqtion,—‘all five replicate cultures
are gas-positive for two or more con- ! ’ “
secutive sample volumes, then select
the set of five cultures representing
the smallest volume of sample in which
all tubes were gas-positive. Apply

- Confirmed Tzast procedures to all these
cultures and to any other gas- pdsitive o

' ..cultures representing smaller volumes sﬂ
of sample, in which some tubes were 3
gas-pesitive and some were. gas-negative

4 Select the gas-positive :)Ebes of lauryl ' .

5 Label one-tube of brilliant green lzctose”
bile broth (BGLB) to correspond with
each tube of lauryl tryptose broth
selected for Confirmed Test procedures.

6 Gently shake the rack of Présumptive
Test cultures, With a flame-sterilized
inoculation loop transfer one loopful of
culturé from dach gas-positive tube to
the correspon tube of BGLB. Place™
each newly inoculated culture into BGLB N
in the position of thaforiginal gas-positive
tube. , .

7 After making the transfétrs, the rack .
should contaili some 24-hour gas- . .
negative tubes ‘of lauryl tryptése broth
and the%g.}ﬂy inoculated BGLJ -

8 If th&Fecal Coliforgn Test is included -

.in the’ testing procedures, consult
“Seétion V of this part of the outline of
testing procedures. CSoe

R ! A
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: + N 8" Incubate the 24-hour gas-negative hours old and some may be 48shours :
. BGLB tubes and,any newly-inoculated - old. Remove such cultures from the *
3 % . tubes of BGLB an additional 24+2 . - incubator, examine each tube for gas
™ hours"at 35° + 0.57C. T production, and record results on the .
) ’ ’ " data sheet.s -\ T,
= * C 48-hour Procedures i ‘
‘ 1 Rembve the rack of culture tubés from e .
the incubator, read and record gas . 2 Be sure to record the results of-24-hour ;
- Production for each fube. : : BGLB cultires in the "24" column under
‘ o & EGI'.:B and the 48-hour results under the
- 2 Some tubes will be lauryl tryptose broth 48" column of the dsta sheet, '
-, T and some will be brilliant green lactose
) bile broth {(BGLB). Be sure to record 3. Return any 24-hour gas- negatlve cultures
o ) results from LTB under the 48-hour for mcubatlon 24 +2 hours at 35 +_
LTB column and the BGLB results under 0 50C, )
the 24-hdur column of the data sheet. : ,
4 Discard all gas- positive BGLB cultures
} : 3 Labe) tibes of BGLB to-correspond with and all 48-hour gas-negative cultures s
- - - all (if any) 48-hour gas-positive cultures - from BGLB. ) )
in lauryl tryptose broth, Transfer one .
’ ﬁolgfuqyof glpture from each gas-positive A 5 It is possible that all cultural work and
LTB culture to the correspondingly- results for the Confirmed Test have
® labeled tube of BGLB. NOTE: All been finished at this point. If so, codify +
d " tubes of LTB culture which were - ‘ results ant determine Confirmed Test '
- ‘negative at 24 hours and became . coliforms per 100 mlas’ described in
. positive‘at 48 hours are to be transferred the outline on uge of MPN Tables. .
The option described above for 24- houz: h .
cultures does not apply at 48 hours. - E 96-hour Procedures st
» -1 ' * ’
4 If the FecaJ\Coliform Test is included At most only a few 48-hour cultures in
in"the tgsting procedure, consulf BGLB may be present. Read and record
; Section.V of the part of the outline, . gas production of such cultures in the "48" Yy
— of testing procedures. N . column ‘under BGLB on the data sheet.
. Codify results. and,determine Gonﬁrmed
. - s Incubate the 24-hour gas-negativ . Test coliforms per 100 m), ) g
+ BGLB tubes and any newly-inoc ) .
*  tubes of BGLB 24 + 2 hours at 350. F Streak-plate methods for the Confirmed
‘s " 0. soc \

Digcard all tibes of LTB and all 24-Rour
. gas-positive BGLB cultures, hy

. D 72-hour Procedures' K . \

1 If any culturés remain to be examined,
~all will be BGL.LB. Some may be 24 ¢

Test, using eost&
Endo agar Cepted proce
in Standard Methods.
prefers ‘te.use one of, [ these media in
preference to BGLEB' (aleo approved in
Standard Methods) is advised to refer to
the current edition of "Standard Méthods. _
for the Examination of Water and Waste-
water" for procedures

The wbrker who
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v TESTING TO CEQMPLETED TEST STAGE

M

.

(Note that this description starts with the .

sample inoculation and proceeds throigh the

Presumptive and the Confirmed Test stages.

In addition, the Fecal Coliform Test is

referred to as an optional adjunct to the
. procedure.)

-

A First-Day Procedures
to

t

(4

¢

1 Prepare a laboratory data sheet for the
sample. chord the following information:
assigned laboratory nul‘nber, source of
sample, date and time of collection,
temperature of the source, name of
sample collector, date and time of
receipt of sample in the laboratory.
Also show the date and time of starting
‘tests in the laboratory, name(s) of
worker(s) performing the laboratory
tests, and the sample volum%s planted.

Id

Label the tubes of lauryl tnyptose broth
required for the initial planting of the,
sample The label should béar three’
identffying marks., The upper number
is the identification of the worker(s)’

performmg the test (applicableto
persormel in training courses),

the nurthber immediately below ts the-
assigned laboratory number, corres-
ponding with the laboratory record
-sheet. The lower numberis the code

to designate the sample volume and
which tube of a replicate series ig, |
1pdicated Guidance on labeling for .
laboratory data number and identification’
of individual tubes is describéd elge~
where in this outline’ :

Y

¥

[N

NOTE: If 10-m1 samples are being.
plated, it is.necessary to use tubes
containing tfie correct concentration
of culture medium. This has previoualy
been ndted elsewhere in this outline ™~
and referral is made to tables.

-

»

-

3" Place the labeled culture tubes in an
orderly arrangement in a culture tube
rack, with the tubes intended for the
largest sample volumes in the front
row, and those intended for smaller
volumes in the succeeding rows.

1
4 Shake the sample vigorously, approxi-
mately 25 times, in an up-and-down
motion,

5 Measure the predetermined sample
* volumes into the labeled tubes of lauryl
tryptose broth, using care to avoid
introduction of any bagcteria into the
culture medium except those in the
sample, e

.

a Use a 10-ml pipet for 10 ml sample

* portions, and I-ml pipets for portions
of 1 mlor less, Handle sterile
pipets only near the mouthpiece,
and protect the delivery end from
external contamination, Do not move

. the totton plug in the mouthpiece

28 this is intended to protect the
user from ingesting any sample. *

b When using the plpet to withdraw
sample portions; do not dip the
pipet more than 1/2 inch into the
sample; otherwise sample running
down the outside of the pipet will
make measurements inaccurate,

¢ When delivering the sample into the
culture medium, deliver sample
portions of 1,ml or less down into




v
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A

the culture tube’ fhear the surface of
the medium, Do not deliver small

- Bample volumes ut the top of the

. tube and allow them to run dowyn
inside the tube; too much of the
sample will fail to.reach the culture'

e . medium. . ‘

d Prepare preliminary“dilutions of
samples for portions of 0,01 ml or
less before Jelivery into the culture
medfum. SeeTable 2 for preparation
of dilutions. NQTE:- Always p'liver

" diluted sample portions into the
culture medium as soon as possible

"\ after preparation. The interval _

* _between prepajation of dilution and
introduction of sample into the
medium never should be as friuch as
30 minutes:

6 After measuring aH portions of the
sample- into their respective tubes of
medium; gently shake the rack of
inoculated tubes to insure good mixing
of sample with the culture medium. .

. Avoid vigorous shaking, as air bubbles
may be sh2ken into the fermentation

_, vials and thereby invalidate the test.

7 .Place the rack of inoculated tubes in

the incubator at 350 + 0.50C for 24 +
Z hours .

o
24~hour Procedures

1 Remove the rick of lauryl tryptose broth
- cultures from the incubator, and shake
. gently. If gas is about to appear in the
*’ fermentation vials, the shaking will
speed the przcess. .

2> *Examine each tube carefully. Record,
in the column. 24" under LST on the
laboratory data sheet, each tube showing
gas in the fermentation vial as a.%positive
¢ (+) test and each tube not showfng gas
as a negative (~) test. GAS IN“ANY
QUANTITY IS°A POSITIVE TEST

% .
3 Retain all gas-positive tubes of lauryl
tryptose broth culture in their place in
the rack, and p‘receed.

. 4 . .

~

4

6

< - - / ) .
Select the gas-positive tubks of lauryl .
tryptose broth culture for the Confirmed -
Test procedures. Confirmed Test
procedures may not be 'required fotz
all gas-positive cultures. If, after *
24-hours of incubation, all five
replicate cultures are gas-positive for .
twé or more consecutive sample *
volumes, then select'the set of five ~
cultures representing the smallest
volume of sample in which all tubes >
were gas-positive. Apply Confirmed
Test procedures to all these cultures
and to any other gas-positive cultures
representing smaller volumes of
sample, in which, some tubes were
gas-positive and some were 4as-
negative.

.La.bel one tube of brilliant green lactose

L3

bile broth (BGLB) to correspond with
each tube’Jof lauryl tryptose broth
selected or Confirmed Test procedures.

Gently 'sthe the rack of Presumptive
Test cultures With a flame-sterilized .
inoculation legp transfer one loopful of

culture from each gas-positive tube to

the’ corresponding tube of BGLB. Place

each newly inoculated culture into

* BGLB in the position of the origmal

1

g&s-positive tube.

If the Fecal Coliform Test is included

in the testing procedure,” consult ’
Section V of this dutline for details of

thé testing proce ure.

ghould containSome 24-hour gas-
negative tubes _¢f lauryl tryptose borth
and the newly inoculated BGLB.
Incubate the rack of cultures at 350C :
+0. Sg.C for 24 + 2 houts.

After making lie transfer, tée rack

[

C 48-hour Proceﬂures

0 } - -t
Remove the rack of culture\ubes from
the incubator, read and record gas
product1on for each tube.

. . o
.

b

Some tubgs will be lauryl tryptose broth .
and some will be brilliant green lactose

- ~
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bile‘broth (BGLB). Bp sure to record
results from LTB under the 48-hour <
LTB column and the BGLB results
under the 24-hour column of the data
sheet.’ .

-

3’ Labe'l tubes of BGLB to correspond with
all (if any) 48-hour gas-positive cultures
in lauryl tryptose brotii, Transfer vne
loopful of culture from each gas-positive
LTB culture to the correspondingly-
labeled tube of BGLB. <NOTE: All tubes
of LTB culture which were negative at
24 hours and became positive at 48 hours °
are to be transferred. The Option
described above for 24-hour LTB
cultures-does not apply at 48 hours.

4 Incubate the 24-hour gas-negative BGLB
tubes and any newly-inoculatéd tubes of
BGLB 24 + 2 hours at 350 + 0.50C.
Retain all 24-hour gas-positive cultures
¢ in BGLB for further test procedures.

5 Label a Petri dish preparation of eosin
. methylene blu& agar (EMB agar) to
correspond with each gas-positive
culture in BGLB. S
6 Prepare a‘streak plate for colony :
isoldtion from each gas-positive culture
in BGLB on the correspondingly-labeled
v EMB agar plate. .

Incubate the EMB agar plates 24 + 2
Hours at 350 + 0.50C.

D 72-hour Procedures e
1 Remove the cultures from the incubator.

Some may be ori BGLB; several EMB
agar plates also can be expected.

2 Examine and record gas production
results for any\cultures in BGLB.

3 Retain any gas-positive BGLB cultures
for colony isolation gar.
Incubate the EMB agar plates 24 +
2 hours at 35 + 0.50 C. Discard the"
gas-positive BGLB cultures after,
transfer. y

e e

3-18 -
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4 Reincubate any gas-negative BGLB
cultures 24 * 2 hours at 350+ 0,50C.
5 Discard all 48-hour gas negative BGLB
+ cultures.
6 Examine the EMB ‘agar plates for the
7 _type of colonie- developed thereon.
Well-isolated colonies having a dark
center, (when viewed from the lower
side, held toward & light) are termed
- "nucleated or fisheye" colonies, and
are regarded as "typical" coliform
.colonies. A surface sheen may or.may
~ " not'be present on "typical’ colonies.
~ Colonies which are pink or opaqye but
- are not nucleated are regarded as
"atypical colonies. ' Other colony
es are considered "noncoliform. "
-Read and record results g8 + for
"typical" (nucleated) colonies + for
. "atypical’ (non-nucleated pink or
opaque colonies), and - for other types
of colonies which might develop.

~

~

7 With platgs bearing "typi(\.al" colonies,
select at least one well-isolated colony
and transfer it to a correspondingly-
labeled tube of lactose broth and to an

- agar slant. As a second choice, select
at least two "atypical" colonies (if
typical colonies are not preesent) and
transfer,th m to labeled tubes of
_lactose Broth and to agar slants. Asa

< third choice, in the absence of typical
or atypical cbliform-1ike colonies,

‘ select at least two well-isolated
colonies representative of those
appearing on thé EMB plate, and trans-
fer them to lactose broth and to agar
slants. .

. Inc_ub'ate' all .pulttrres transfered from
EMB agar plates 24 + 2 hours at 35 +

. 0.50C,

E 98-hour Procedures
S .
1 Subcultures from the samples being

studied may include: 48-hour tubes

¢ of BGLB, EMB agér plates, lactose

broth tubes, and agar slant cultures.

Wt
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3 If any EMB plates are present, examine
andYecord results in the "EMB" column
of the data sheet. Make transfers to
agar slants and to lactose broth from
all EMB agar plate cultures, In
decreasing order of preference, transfer
at leagt orfe typical colony, or at least

¢ . two atypical colonies, or at least two

2 If any 48-hour tubes of BGLB are .

- ! present, read and record.gas production’

- ERN in the "48" column under BGLB, From
any gas-positive BGLB cultures pre-
‘pare streak plate inoculations for colony
isolation on EMB agar,. Discard all

. tubes of BGLB, and incubate EMB agar
plates 24-+ 2 hours at 35 + 0.50C,

.

colonies re_pfesentative of those on the

plate.

4 Examine and record resulis from the

’ Iactos® broth cultures.
. [

follows:

NOTE: Always prepare Gram stain .°
. from an actively growing culture,
. - preferably about 18 hours old, and
.never more than 24 hours old. ,Failure
. : to observe this precaution often results
*  in irregular staining reactions.

a Thoroughly clean a glass slide to
free it of any trace of oily film.

A
5 Prepare a Gram-stained smear from
each of the agar slant cultures, as

b Place one drop of dis’_dlled water on

the s}ide. 4

. ¢ Use the inoculation needle to suspend
a tiny amount of growth from the
nutrient agar slant culture in the

. drop of water,

d Wix the thin suspension of cells with
, " the tip of the inoculation needle, and
¥ . .allow the water {o evaporate,

the slide over a flame.

’

e "Fix'" the smear by gently warming’

" - f Stain the smear by flooding it for 1

minute with ammonium oxylate-crystal

* violet solution.

~will be necessary to repurify the ulture

MPN Meu&‘\\
-t .

Flush the excess dye splution -
off in gently running water. “

Flood the smear with Lugol's
fodine for 1 minute,

Wash the slide in gently running
water,

Decolorize the smear with acetone
alcohol solutxon with gentle agitation
for.10-30 seconds, depending upon
extent‘of removal of crystal violet dye.

Counterstain for 10 seconds with n
safranin solution, then wash in running

“water and gently blot dry with bibulous

paper, . - "
Examine the slide under the microscope,
using the oil immersion lens. Coliform
bacteria.are Gi’am-negati\{e (pink to red
color and nonspore-forming, rod-shaped
cells, occurring singly, in pairs, or

rarely in. ghort chains,

1f typical coliform staining reaction and
morphology are observed, record ¢.in

in the appropriate space under the "Gram

Stain'' column of the data sheet. If typical
morphology and staining reaction are not -

observed, then mark it + or -, and make . .
suitable comment in the "remarks" column

at the right-hand side of the data sheet, w

If spore-forming bactema are obs rved. it

from which the observations were made,. <y
Consult the instructor, or refer to Sta.ndafd
Methods, for procedures.

At this pqint. it is possible that all cultural
work for the Completed Test has been finished,
1f so, codify results and determme Completed
Test coliforms per: 100 ml, ‘ Hedf

’
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-

Jy . ° F 120-hour Procedures and following: e
. ’ ’ V] ) \.—-
1 Any procedures to be undertaken from
this point are "straggler" cultures on
media already described, and requiring
step-by-step methodology already given
in detail. Such cultures may be on:
i EMB plates, agar slants,,or lactose  ~
broth. The same time~and-temperature
of incubation required for ear]ier studies
applies to the ' stragglers as do the
. observations, staining reactions, and
mterpretation of results. On con-
clusion of all cultural procedures,
codify results and determine Completed
Test coliforms per 100 ml,

.

'

) A General Information -

s N N

1 The procedure described is an elevated
temperature test for fecal coliform

bacteria.

Equipment required for the tests ar&\
those regquired for the Presumptive

Test of Standard Methods, a water-bath
incubator, and the approptiate culture
media. ' v .
L) . -

B Fecal Col.iform Tes‘t with EC Broth

1 Sample: The test is applied to gas-
positive tubes from the Standard
e Methods Presumptive Test (lauryl
: K tryptose broth), in parallel with =~ N
Confirmed Test procedures.
sﬁ—:‘{:
2 24-hour Operations. Imtial procedures
- _are the planting procedures described
. for the Standard Methods Presumptive
Coliform test,

After reading and recording gas-

. production on lauryl tryptose broth,
S~ - * temporarily retain all gas-positive
) : tﬁbes. . .

‘,a

-

b Label a tube of EC ‘broth to corre-

. spond with each gag~positive tube

i - “of lauryl tryptose broth, The option
o regarding transfer of only a limited

CERIC- "

V “FECAL COLIFORM TEST o v

number.of tubes to the Confirmed
Test sometimes can be applied here,
However, the worker is urgedde
avoid exercise of this option until

he has assured the applicability of
the option by preliminary tests on

the sample source.
- f -

¢ Transfer one loopful of culture from

each gas-positive culture in lauryl

tryptose broth to the correspondingly

- labeled tube of EC broth. .

d Incybdte EC broth tubes 24 % 2 houts

at 44.5  0.2°C in a waterbath

. with water depth sufficient to come
up at least as high as the top of the
cultule medium in the tubes. Place
in waterbath as soon as possible .
after inoculation and always within =
30 minutes after inoculation.

3 48-hour operatio':s
a - Remove thé rack of EC cultures
from the waterbath, shake gently,
and record gas production for each
tube. Gas'in any quantity isa
positive test.

b As soon as results are recorded
discard all tubes. (This is a 24~
hour test'for EC broth inoculafions
and not a 48-hour test.)

¢ Transfer any additional\48 hour
gas-positive tubes of lauryl tryptose
broth to correspondingly labeled
.tubes of EC broth. Incubate 24 +
2 hours at 44.5 % 0,20C,

A

ﬂ 4 T72-hour operations

s Readand record gas groduction for
each tube. Discard all cultures.

b Codify results and determine fecal
coliform colunt per 100 ml of sample,

-
) - .

’

Ny
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- . . LABORATORY METHODS FOR FECAL STREPTOCOCCUS e
/ RSN {Day-By-Day Procedures) .
4 i N )
* f

1 GENERAL INFORMATION -

’ A 'The same sampling and holding procedures
apply as for the coliform test. .
B The number of fecal streptococdi‘in water
generally is lower than the number of
coliform bacteria.- It is good practice
: . in multiple dilution tube tests to start the
sample planting series with one sample
increment. larger than for the coliform ..
test: For example: If a sample planting
-series of 1,0, 0.1, 0.01, and 0,001 ml
is planned for the coliform test, it is
¢  suggested that a series of 10, 1,0, 0.1,
and.0, 01.nl be planted for the fecal .
. stx:epto'cocc'ua test. - '

P

. C' Equipment required for the test is the same
as required for the Standard Methods
Presumptive and Confirmed, Tests, except
for the differences in culture media.

O STANDARD METHODS (Tentative)
PROCEDURES -

Ll
.

v A First-De.y Operations

1 Prepare the sample data sheet and |
. . © _labeled’tubes of azide dextrose broth .
“in the same manner. as for the
Presumptive Test. NOTﬁA If 10-ml .
; samples are included in the series, be
s " ‘sure to use a special concentration
) . {ordinarily double=~strength) of azide. _
dextrose broth for these sample.
portions.
. - 2 Shake the sample vigorously, approxi-
T mately 25 times,, in an up-and-down
. motion, =,

3 Measure the predetermined. sample )
volumes into the labeléd tubes of azide
dextrose broth, using the sample
‘ measurement and delivery techniques

. used for the Presumptive Test.

4 Shake the rack of tubes of inoculated
culture media, to insure good mixing
of sample with medium,

-

Lo

5. Place the rack of inoculated tubes in
the incubator at 350 + 0. 5°C for 24 +
2 hours.

B 24-hour Operations

1. Remove the rack of tubes from the »
incubator. Read and record the results
from each tube. Growth is a positive
test with this test. Evidence of growth

\?:.nsists either of turbidity of the

edium, .a "button' of sediment at the
bottom of°'the culture tube, or both.

2 Label a tube of ethyl violet azide broth *
to correspond with each positive culture™
of azide dextrose broth. It may
permissible to use the same confirmatory

+ transfer option as described for the
coliform Confirmed Test, in this outline.

3 Shake the rack of cultures gently, to -
resuspend cells which have sgettled
out to the bottom of the culture tubes. .

adre

.4 Transfer three loopfuls or use a
- wood applicator to transfer’culture
from each growth-positive tube of
. azide dextrose broth to the correspond~
ingly labeled tube of ethyl violet azide
broth.

5 As transfers are madeé, place the newly
inoculated tubes of ethyl violet azide_ -
broth in a separate rack while returning
the'AD .tubes to their former positions

_ in the rack

6 Return the rack, all azide dextrose
broth tubes and newly-inoculated tubes
of ethyl-violét’ #zidé'Broth, to the in-
cubator. Incubate 24 + 2 hours at 35°

s 4 0 5°C,

[ . . '

., <p
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C 48-hour Operations

An

1 Remove the rack of tubes.from th®
- incubator, Read-and report results.
Growth, either in azide dextrose broth
©or in'ethyl violet azide broth, is a
positive test. Be sure to report. the »
: results of the azide dextrose broth
- medium under the "48" column for ghat
: . medium and the results of the ethyl-
violet azide broth cultures under the
"24" column for that medium,

2 Any 48-hour growth-positive cultures
of azide.dextrose broth are to be
. - trg.q?ferred (as before) to ethyl
violét azide broth.” Discard all 48-hour"’
growth-negative tubes of azide dextrose
. broth and all 24-hbur growth-positive
tubes of ethyl violet azide broth, ®

3 Re=-incubate the 24-hour growth-negative
‘Ethyl Violet azide tubes after again re-
tnoculating with their respective positive
Azide Dextrdse tubes and the ntwly-
inoculated tubes of ethyl violet azide .

R broth 24 + 2%hours at 35° + 0,5°C.

D 72-hour O\p‘erations.

1 Read and report growth results of all
tubes of ethyl violet azide broth.

2 Discard all growth-positive cultures
. and all 48-hour growth-negative
T cultures.

. a )
. 3 Reincubate' any 24-hoar growth-negative
' - cultures in ethyl violet azide broth after
reinoculating with their respective
posmve azide dextrose: tubes for an
- additional 24 + 2:hours at 35° + 0.5°C.
- T s el T
E 96-hour Operations N
1 Read and’ report growth results of any
temaining tubes of ethyl violet azide
d broth .

t

o Kc

" 2 Geldreich, E. E., Clark, H.F,, Kabler,

2 Codi.fy results and determine fecal
streptocofei per 100 ml,

-

LY

v
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MEDIA AND SOLUTIONS FOR MULTIPLE DILUTION TUBE METHODS

% . o
. . o

I INTRODUCTION ]

. . -

A 6Th’i.‘s: chapter is’intended‘to present detailed

information on preparation and management

of media and solutions needed'with the tests
and observations dgscribed elsewhere in

this course manual.

.

. .

—B The preparation and man%gement of

supplies of culture media and solutions
is one df the most critical aspects of a
bacteriological water quality testing
program. =

1 In the. same mahner that the chemist
‘relies on correctly prepared’and
standardized reagents for his analytical
work, the bacteriologist must depend
on satisfactory culture media for the
type of analysis with which he is con-
cerned.

2 In many laboratories préparation. of
medja is entrusted to subproféssional
personnel. Most such personnel, .
properly trained and guided, afe able
to perform the required tasks efficiently
and reliably, ] 5;‘%{

3 The professional supervisor should
maintain close attention to all details, =~
however, to guard against gradual -
infroduction of bad habits in pyeparing

. and preserving media and other hqfud
supphes o

II' GENERAL INFORMATION‘ ‘ 1

A Use of Commerc1ally Avallable
Dehydrated Media
1 The preparatlon of all media d%cmbed
g in this chapter is given in terms of the

o

g s,

.B Quality of General Materials

-

individual components, and preparatzon

of the finished medium. This is done,

even through commercially available
ehydrated media“are widely used, to

acquaint the worker with the compo- ,
sition of the media and to indicate the

.required specifications of each mediumg '

2 The use of commercially available

dehydrated media, requiring only

careful weighing and dissolving of the
powder in the proper quantity and

Jquality of distilled water, is strongly
regcommended. Such medlaare much

‘more likely to have uniformity at an
atceptably high level of quality than T
are media compounded in the laboratory
from the individual constituents.

A

3 It is recommended that the worker, .

* when using commercially prepared
dehydrated media, keep a careful
record of the lot numbers of media
being used. With first use of each .
new lot number of a given medium, it
is suggested that the medium be c¢hecked
. for stability, pH after sterilization, '
and to see that performance is satis-
factery. While rare, an occasional ]
lot of medium will have some unforeseen |
- fault which reduces or destroys its T |
effectiveness. Maintenance of lot o
number records on megdium gives’ ) (.
opportunity for démmunication with , <}
the manufacturer to deternrine whether ‘
similar problems are being encountered ‘¥
in other laboratories.

g o

1 Distilled water >

Distilled water, or demineralized water,
is'required. It must be free from .

AY
\ sides
NOTE: Ment1on of commercial prodirits and manufacturers is for illustration and does not 1mply .
endorsement by the Environmental Protection Agency. wer ! .
e et J

. T
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. dxssolved_metals or chlorine. Freedom 2 Balance 2
. from bactericiddl constituents or growth ) ‘
. Jpromoting substances should:he dem- A balance with sensitivity of + 2 grams *
onstrated through laboratory ests. with a load of 150 grams is the minimum
A procedure for this test is descrlbed . acceptable standard for weighing of
R elsewhere in this course manual. culture mediain dehydrated form. .
¥ 2 Beef extract Cow ’ 2 3 pH meter - , K
= Any brand of beef €xtract is acceptablé, . An electrometric meter is recommended.
provided that it is known to give results . While a comparator block with pH ' -
. acceptable fo the'user, Meat'infusion indicator solutions is useful for such
- is not acceptabig. . mediza as lauryl tryptose ‘broth, it &
] - ! T cannot be used satisfactorily with dye-
¢ 3 Peptones . o . . containing media such as brillignt
L ot PR ) ‘green ladtose bile broth. Therefore
S Peptones are sold under a wide variety i it is suggested that all pH control
' ‘of trade' names. Any peptone shown ( work on batteriological media be done
. satisfactory by comparative tests with «  with an electrometric type of pH meter.
) an acceptdble peptone, may be accepted.” . Accuracy of the-meter should be estab-
- R oo . lished through calibration against a
- 4 Sugars . . standard buffer. . . :
.. o - . ‘
s - All sugars must be cherhically pure, , 4 Autoclave .
,» ' -ahd suitable for bacteriological mediézo L o e
B ) T . o The autoclave should be of sufficient .
5 Agarn - T o - ) size to permit loose pa.ckmg of tubed
3 ¢ ‘ ‘ media when normal load is being
. Any form of bacter1olog1c graﬂe of . . sterilized. This 1s to permit free
" ¥ agar can be used ) . _access of steam to 3.11_ surfaces.
[ - » 6 'General chemicals must be reagent Operation should be such that sterilizing
” grade or ACS if used in culture media. ~ temperature is reached in not more than -
Chenricals used in the distilled water ‘. 30 minutes. - . - ‘.
- T _quality-test must be of the highest purity ’
. “available. . A pressure gauge should be present.
. ) ' ’ More important, the autoclave should
7 Dyes - ’ ©. be equipped with at least 1 thermometer,
N . o0 . - which should be located properly in the - .
’ \ All dyes used in culture media must be 5 exhaust line. - , .
certified by the Biological Stain o 4
'+ :..~Commission; they will be so labeled ‘ Pressiite regulation should permit :
‘on the container™t.© ¥ operation up to and-including 1210C. .
) . "When media containing carbohydrates :
- C Quahty‘ of Equipment and Supplies Used - are present, sterilization should be
. fori Preparation of Media . | . continued d2.- 15-minutes; in.media.
P . * - “ ' not containing carbohydrates, normal
1 @lassware . . ~ sterilization time should be a standard
4 . o ¢ 15 mmutes : >
i \is recommended that all glassware . FE ’
b9~of borosilicate glass. - Such glass © ' After sterlhzation, media .should be
. is not subject to release of soluble ~ .remeved from the autoclave as soon
products into the culture medxum as o as possible. In no case should an
with "some of the so-cailed 'soft glags." - autoclave simply be turned off after
) N . - 6 4 . i L)
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‘Media and, Solutions for Multiple Dilution Tube Methods

e

3
&
5

.
g . : 5
‘ - W |
I Y . ‘ 2 v
< " the usual exposure’to.steam under 2 Composition:
-’ . . pressure, and allowed to stand until the ’ : P
’ following morning before removing media. ~ Tryptose (or Trypticase 20.0 g .
o o= o or equivalent) .
s - "5 Utensils for mixing and preparing media Lactose . 5.0 g
' N " o : ‘ Dibasic Potassium 2.75 ¢
. Borosilicate glass ig suggested, but Phosphate (KoHPO,) R
other materials, suchas stainless Monobasic Potassium - 2.7 ¢
“stéel, ,porcelain (unchipped) containers, Phosphate (KHyPOy) : T
or other ‘containers free of soluble Sodium Chloride . 5.0 g )
bactericidal or bacteriostatic materials, Sodium Lauryl Sulfate , 9.1 g o
= are acceptable. In any case, the con- , (Total Dry Constituents =~ ' '35.60 g) )
-  tainers mustbe thorpughly\::;ean - . Dist?lled—\«atex: 1000 mr
) \ ‘ Sterilization: 12 - 15 minutes at 1210 C
. II[ CONCENTRATION OF MEDIA ’ Reaction™after sterilization: pH 6.8
‘ approximately)
A Bas1c formulas of all media described in
Section IV are presented as single-strength 3 Compensation for d11ut1ng effect of
‘media. Most media are used in the single~ ‘ samples .
) strength concentration. '
No, ml Ml of Nominal No. grams
B The concentration of primary. inoculation " medium sample or concentra- dehydrated
media (media into which the measuréd in tube dilution tion before medium per
. portions of the original sample are inoculation liter (
délivered) ’r%quires special consideration. 10 0.1-1.0" . lx ¢ 35.6
1 When the amount of medium is 10 ml or- ;g ) i,g ix5x ' g;i
. X greater, and the volume of sample or 35 -‘100 4x 137' 3
) sample dilution is 1 ml oy less, then . ) :
. single~strength medium is satisfactory. g ’
oL K = o B_Brilliant Green Lactose Bile Broth
‘2 When the sample volume introduced - ) . ’
into the primary inoculation medium 1—Use: Confirmed Test : "
i is greater than 1 ml, then.it is necessary : ' .
to fompensate for the diluting effect ) 2 Composition - . . .
B . of the sample on the culture medium. K ) . e
' In such cases, it i# necessary to . o .
increasethe initial concentra{mn of . Peptone (Bacto or equivalent) 10.0 g
the medium so that after sample Lactose - 10.0 g .
- Oxgall (dehydrated) 20,0 g :
mOCulation the concentratlon of nutrients Brilli : wy ,
&ium-plus-sampl lent ~ - DrinantGreen _0.0133 " g
in medium-p ple is equival . (Total weight dry constituents 40.0133 ¢g) .
‘to the concentratlon of nut‘nents in the g y ] ' g
)  single strength medium. Distilled Water 1000 ml .
: . y Sterilization: 12 - 15 minutes at 1210C ~
< IV PREPARATION OF MEI.)IA AND SOLUT;ONS Reaction dfter sterilization: pH 7.1to 7.4
A La.uryl Tryptose Broth (Lauryl Sulfate Broth) . ' -
\ % *
1 Use Pr1mary inoculation medmm in . o 3
. Presumptive Tes}
65 . ' &
- N ' 4-3
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" Media and Solutions for Multiple Dilu!‘ion Tube Methods
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e Eosin Methy.lené—Bluegﬁr (Leving™s

Modification) '
1 Confirmed Test

Use: “Isolation of colitorm-liKe
colonies as a preliminary to “u

Completed Test procedures Y
- x e
. -2’ Coniposition - Vo
Peptone (Bacto or equ1va1ent) 10 g
. Lactose - 10 g
Dipotassium Phosphate (K HPO )y 27, g .
Agar - | PO 20 g
Eosin Y )y 0:4 g
MethyleneBlue - = ~ 7 0.65 g
*¥(Total weight' dry constituents 43:05 g)
Distilled Water 1000 ml

I

Sterilization: ‘12 -15 minutes at-1210C

" 3 Special suggestions on preparation:

a This medlum can be prepared and
dispensed into bottles or flasks in
portions of 100 ml or 200 ml each.
The sterile medium may be stored

»~ for extended, periods in cool places }
out of the light. ’

»

b When ready.for use of such med1um
the medium should be melted by
immersion ‘of the bottle of prepared

. medjum in a boiling water bath,
after which it is dispensed into.
sterile Petri dishes in portioris of
approximately 15 ml. After cooling
and solidifying in the Petri-dish, thé
medium is ready for. use. It should
be used preferably on the day it is

. poured into Petri dishes, but can be
s stored for a day or two in the
" refrigerator.

c,Anr alternate method of preparing
this medmm requirés preparation
the agar base medium which '
includes ali*the constituents -
of the mediun}’except the dyes. .
When ready t0 use such a pr paration,.
"the agar base medium is melted in
a water bath, and to each 100 m1l of
" the melted agar base medium, 2 ml
of 2% of.aqueous solution of eosin Y
and 1.3 ml of 0.5% methylene blue
A . . .

A

A

N ’ a4

" solution is delivered with a pipet.
. The medium is*mixed thoroughly,

. _poured into Petri dishes, and used
. §s previpusly described. * 7
D Ager Slants -

1 Use: This medium is used in the
Completed .Test, to cultivate pure

. -cultures af strains of batteria being
cultivated in preparation of a Gram-
stained smear

°
®

2 Composition: The medium is futrient P

agar’ .
Peptone ©~ 5.0 g
Begf extract 3.0 g

_ Agar 15.0 g
(Total weight dry 23.0 g)
constituents ! T
Distilled Water 1000 ml )

Steriliza.tior_l: 15 minutes at 1210C
Reaction after sterihzatmn .pH6.8"
approximately . o
3 Special irfstructions: Dissolve thé con-
. stituents, using heat as needed; dispense
in amounts of approx1mate1y 8 ml per
tube. Screw-capped tubes extend shelf
life of the medium. After sterilization,
remove the melted'medium from the
.autoclave and place in a slanting
position until the medium hagrbecome
solidified. A routine procedure should
be established so that a uniform volume
of medium and a uniform surface of
slanted medium be present in each tibe.
While this has no particular bearing on
Standard Methods procedures; certain
other laboratory procedures do require
uniform exposed surface area of the
slanted medium.
E Plate Count Agar- -
1 Use: This medium is used in the
distilled wateritest. It is not used in

other Standard Methods procedures
described in this course manual. . -

® :
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(Tryptone Glucose -

2 Compositjon:
ST ‘ YeastA‘gar)

FRTEA

,Peptone-tryptone (or equlvalent) 5.0 g

. .
/ . N
! T w . o

3 This medmm is dispensed mto cultire
) tubes with inverted 1 fermentation vials .

and smtablg caps.

N .
0

PEY

’ . © Yeast extract - 2.5¢g G Azide Dex#*0se Broth
‘ Glucose ‘(dextrose) - 1.0g A . :
Agar 15.0g « ‘1 Use: Primaryinoculation medium for
) '(Total weight»/dry‘constituents 23.5¢g ", fecal streptococcal presumptive test.
d L D1st111ed Water : 1000 ml ’ 2 _Composition: -
. « Ster1hzat1on: 15 minutes at 12 ioC Beef extract > 4.5 g ~
: i . ; _Tryptone or Polypeptane 15. g
£ ‘Reaction after sterilization: pH 7.0 + Glucose 7.5 g
-0.1 . - Sodium chloride 7.5 g =
; . ' RIS N . Sodium'azide ~* 0.2 g '
3 Special instructions in preparation: (Total dry constituents- 34.7 g)
’ Use heat as needed to dissolve and . .
melt the constituents. Dispense t Distilled Water 1000 ml ( .
medium in flasks or bottles in portiohs : -
. of 100 or 200 ml each and sterilize. In " Sterilization: 12 - 15 minutes at 12100
. this state it can be preserved for many J Y
g ¢ 'months, provided that it is protected . ] Reaction after ster1hzat1on about PpH 7.2 %
' | from evaporation of the water. . .
7 3 Fermentation vials are not used with R
When ready to use, melt the médium dzide dextrose broth, |
o by heating, and cool to 450C, At this PR : . N .
o " temperature the medium still should be - H EthylViolet Azide Broth :
. - ¢ "melted, and will be satisfacotry for ) s - g
.~ preparatmn of pour plates fér plate . "1, Use: Confirmed test for fecal
- counts, .- oty streptococci - v
B W IR AF S B
"., F EC Broth * ":; -, Vo2 4Compos1t10n . .
i 1 Use Test for °feca1 cohform bacterlq'}c : . Tryptone oz" B1osate ' 20 g
-7 . .. « Glucose .* 5 .g !
‘2 'Comgosm,on..%‘ ) .' . 3 Sodium chloride 5 g
A gn } Potassivm phogphatg, . 2.7 g
e, Tryptose (Bacto or'e ﬂ(}myal t)* .. 20.0 g. * . diabasic (K, HPO 4), . _
. Lactose’ ) 5.0 g« _ Potassium’phosphate, .2.7. ¢
- B11e Saltg (Bacto’ #3 oE"’EeElm ent)t 1.5 ¢ « *' Jnonobamp (KH; PO4) ]
D1pd(tgss1um phosphate ¥K,HHO ) 4.0 g - _ Sodium azide, 0.4 g
= Mondpotassium phosphate%ﬁ-lz 4 1.5 g . -Ethyl yiolet (certified dye . 00083 g
"7 Sodmm:chlor:,de. L T 5.0 g . (T¢ i??hblﬁ)sﬁt;" t 35.8 g) -
. . TotalNeight,dry com t'uents W3T.0,g) . v Lo Gy Sonsinen s .88 .
T }Dmtilled wo L RGN T Dlstllled Water B 00g m1
‘ t-gterilizatioh: 12 - 15 minutes at 1210C * ‘termzatmn - 15 mm“tfs at 1310C
) R'eactionaaftei:: S:terrﬁiéa’tit‘_):mq pH 6:.9‘ ‘ e I ) Beacti;gn af.te;r 2 terilization: about pH 7
[} - * a:.“ - N . .” : . ct) ',.4 ’ - . - »
PR T . SR oV Ce -
S S ¢ . ” ‘ -
F , . o o
« ta

e
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3 Fermentation vials are rot used with
ethyl violet amde broth.

¢

I Buffered D11utlon Water 5
-1 Use: Preparatmn of sample dilutions
-~ preliminary to primary inoculation, in

-3 Preparatlon and handlmg ,

a Stock solution:’ Aftter preparatdon the
stock solution should be stored in the
refrigerator until Wse, If‘at any timle
evidenge of mold or other centam«
matmn appears, the stock solution

. should be discarded and a fresh
so.lutmn prepared . ,

-

b W:oz‘kmg s'olutio_n: Dispense the b °
required amount into distilled water,
and deliver into screw-capped bottles
for dilution water. The amount added
should be .such that, after sterilization,
the bottles will contain 99 + 2 ml of
the _dilution water, Ordinarily this

requu‘es initial-addition of approxi-=.- -

mately 102 ml of the solution prior

to stenlizah
=

.
’

-

e
., ¥

[ .

¢

e,

" 2 Lugol's iodine:

@«

R

Pbe 4

c Steril1zat1on is 26 minutes at
1210C,

.

d Tightly gtoppered hottles of the
¢ .dilution water, protected agamst
" evaporation, in suitable cohtainers,
. appgar to last indefinitely.

membrane filtér work, and in plate * . .0
couhts. . J Solutions for Gram Stain s ' s
2 Composition ) 1’ Ammomum oxalate crystal violet *~ ) ha
.o . . . , solution: ~
a Stock phosphate buffer solution . o , /\ — o
. . R . a Dissolve 2 g crystal violet  ~ -
SR . J (approximately 85% dye -eontent) in ©
Monobasic Potassium - 34.0¢ 20 ml of 95% ethyl alcohol. -
osp 3:‘9 oty S . .
. L. 2 ‘ ) o b Dissolve 0.8 grams arimonium
Dlstllleé Water .. 500 ml . . oxala’..te in 80 'ml distilled water. > - @
X a4 ) r \ o ‘ €. - :
IN gag?:?esglllutliozn (about 175 ml) ¢ Mix solitions a and b. L
) 4 . ) . d Filter through cheesecloth or rs s
D1st111ed witer sufficient to bring fmal ‘ filter paper. g coa é K ’
- volume to 1000 ml_}y, B . : N .
' e Problems with the gram stain -
. b :}ivo:lilmg soltutlon O,f phosphate buﬁ‘ered . techmque frequently are traceable s
istilled water s .+ . 'to the ammonium oxalate erystal
- v, ' wiolet solution. In the event that
) St°°k phosphate buffer’ s°1“1t1°n 1.25ml’ N .* decolorization does not seern satis- :
.. factory, the amount: of crystal-violet ,
t ' D1st111ed water T 1000 m1 . . in the solution can be réduced fo as ;gy *
‘- little as 10% of the recommendgd .

amount.

Dissolve 1 g iodine -
crystals and 2 g potassium iodide in

the least amount (usually about 5 ml)

of distilled water in wh.lch they are B
soluble. After all crystals arein ° .
solution, add sufficient distilled water
to bring the final. solution to a volume

, “of 300 ml.

3 Counterstain: Dissolve 2.5°grams of

.safranin in 100 ml of 95% ethyl alcohol.
For the working solutioh of counterstain,
add ml of thisg solut1on of safranin to
100 ml of distilled water

~ st
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USE OF TABLES OF MOST PROBABLE NUMBERS ) ) A
. BN " Partl '
I INTRODUCTION . one 1. 0 ml portion, and one 0.1 ml
) portion. This is popular in bacteri-

A Using probability mathematics, it is ' ological’potability tekts on water.
possible to estimate the gumber of bacteria - MPN Tables can be prepared for any
producmg the observed result for any com- desired combinations of replicates of
bination of positive and negative results . the sample inrcrements used in a~

" in-dilution, tube tests. Because the dilution tube segpies. -
compﬁfé’ffons are so repetitious and time- - : ‘
consuming, it is common laboratory 3 An approximation of the MPN values
practic&to use Tables of Most Probable shown in the Tables can be obtained
Numbers. These tables are orderly . by a simple calculation, developed by
arrangements of the possible cultural "Thomas.(3) The formula and
results obtainable from inoculating various application of this calculation is shown _

.. sgmple increments in differential culture on a later page of this chapter.
- media. Each possible combinatiorr of .
positive and negative tube results is C The method of using a Table of Most .
accompanied by the result (MPN) of the Probable Numbersgg described here,
calculated estimate and the 95% confidence based on the table for five 10 ml portions, .
e limits of the MPN, ) five 1, 0 portions, and five 0.1 portions.
. ) , . ) The principles apply equally to the other
o B The Tables'of Most Probable Numbers ° tables presented in the current editian of
) used in the current (14)%dition of Standard Standard Methods for the Examination of
’ Methods for the examination of Water and Water and Wastewater. - '
' ' Wastewater were developed by Swaroop, (1) ~

Previous editions of Standard Methods have
used the tables prepared by Hoskins, (2) . II DETERMINING .THE MOST PROBABLE

oo, ¢ ) - NUMBER - .
~ = ,1 Most of the tables are based on using =~ .t
o . 3 sample volumes in decreasing decimal ° A Codifying Results of the D1}.ut1on Tube
: . increments. Thus, the systems are . Series .7
PR based on using volumes of 10 ml, 1.0 ml, :
M j and 0.1 ml, etc. Other quantity il If five 10.ml portmns five 1, 0 ml portions,
-, '". relationships.can be used, such as " and five 0,1 ml portmns are inoculated
w+ > 50ml, 10 ml, and 1,0 ml in a table. - 1initially, and positive results are secured
“Tables of Most Probable Numbers can... from five of the ™10 ml portions, three of
. be ppepared for any desired series of = ° the 1. 0 ml portions and none of the 0,1 ml
sample increments. o ' portions, then the coded result of the test
) ) ‘ M is.5-3-0. The code can be looked up in
2 In addition,' tables can be devised for the MPN Table, and the MPN per 100 ml
) ‘different.numbers of replicate is recorded directly, If more than the ' '
N . inoculations of individual sample _ . above three sarnple volumes are to be ‘
o ko volumes., Forexample, the MPN § considered, then the determination of the
’ Table most commonly used in the coded result may be more complex. The
* laboratoriés of this agency is based . exampies describred in Table 1 are useful
' - on five replicate 10 ml porhons, EEE . guides for selection of the significant sexies
* . 1.0 ml portions, and five 0,1 m] portions. of three sample volumes,
T : A separate table is requ1red for another ' = .
- - combmatmn (of sample volumes, con- ,
yo . s1stmg of five rephcate 10 nu. portions, ' ) , C .
Y 0
¥ ‘ }' ) Lo g
o * » ' : ; . 1
. BA. 42g.1.:&‘3 - o 740 _ | | -




Use of Tables of Most Probable Numbers

; P / -
L4 . . - _
S
' Table 1. EXAMPLES OF CODED RESULTS
No. ml sample per tube — 100 ‘101 1.0] 0,1 ]0.01 0.001 Code See Below
No. tubes per sample vol. = 5 | 5 5 5 5 5 . i
No. tubes in sample giving 5 4 1 5-4-1 .
pos1‘t1ve results in test' 515 4 0 0 -0 5-4-0 (1) 5
—_— 4 {1 0 o o 4-1-0 (2) ’
- 515 | 4 1. 1 0 5-4-2 (3) )
% | s 5 |4 5-5-4 (4)
- 5 5 5 5 5-5-5 , (5)
. 010-1]0 0 0-0-0 (8) )
0|1 0 ,]o0 0-1-0 1G]
1 0 0 0 1-0-0 (8)
Discussion of examples: 4 Here it is necessary to use the 5-5-4

1 When all the inoculatedtubes of more
than one of the decimal series give
positive results, then it is customary
to select the smallest sample volume
(here, 10 ml) in which all tubes gave
positive results. The results of this
volume and the next lesser volumes .

are used to determine*the coded result,

2 When none of the sample volumes give
positive results in all.increments of
the series, then the results obtained

o, are used to designate the code. - Note
that it is not-permissible- to-assume
that if the next largemmcrement had-
been .inoculated, all tubes probably
would have given positive results and
therefore, assign a 5-4-1 ¢ode fo the
results., ! .
. . L v
3 Here the results are spread through
.+ four of | the sample volumes. In such
. cases, the numbeér of positive ‘tubes in
the smallest sample volume is added
to the number of tubes in the third

sample volume ( counting down from the

smallest sample volume in which all
. tubes gave positive results).

. - . . . N

Y

a

code, because®inoculations were not

“made of 0.001 ml sample volumes;

and it is not perm1ssm1e to assume
that.if such sample volumes had been
inoculated, théS' would have given
negative results, or any other arb1trar11y-
designated result,

-
This is an-indetermmate result.
MPN-tables do not give a value for such
a result. If the table used does not
have the code, then look up the result
for code 5-5-4, and report the result
"greater than" the value shown for the
5-5-4 code. The first number of the
5-5-4 code is based on the 1.0ml
sample volume. -

Like (5), this is an indeterminate
result. If the code does not appear in
the table being used, then look. up thee
result for code 1-0-0, and report the
MPN as "less than"' thé value shown
for the 1-0-0 code. o

The current édition of Standard

" Methods stipulates this type of code

désignation) when unusual results i
such as thi occur

Many ~ °



Use of Tables of Most Probable Numbers

8 Note the-difference from (7) above, - Il PRECISION OF THE MPN VALUE o }
Inoculations of 100 ml portions were |
/ not made, and it cannot be assumed A The .current edition of Standard MethodB .
' that the result would have call®d for shows for each MPN value, the 95% .
code 0-1-0. confidence limits for that value. This |
- draws attention to the fact that a given
¢ B Computmg and Recordmg the MEN MPNfvalue is not a precise measurement,
. but an estirhate. The 95% confidence T
. Y When the dilution tube results have been N limits means that the pbserver will be
' codified, they are read and recorded from ) correct 95% of the time when he considers .
the.appropriate MPN Table. that the actual number of cells producing
o the observed combination of positive and
. 1 If, as in the first four of the examples * negative tubes was somewhere between .
T shown under (A) the first number the stated upper limit and the ‘stated
in the coded result represents a 10 ml lower {imit.
PORE sample volume, then the MPN per 100 m .
i - is read ?.nd recordeq directly from the B The greater the number of réplicates of
< appropriate column in the table, each sample volume in a dilution series,
- v isi i words,
2 onthe ot fand, it th fsst mambor =+ {10 Eestr the pracision (i oty
) in the coded result represents a sample confidence range) of the test. The
vdiarre c‘>/the‘r than ,10 ml, tl'}en a precision olii results, based on numbers -
calculation is required to give the of tubes inoculated per sample volume, v
. 'corrected MPN. For example (4) under(A) is shown in Table 2
above, the first ''5" of the 5-5-4 code . - o
represents a sample volum.e of 1.0 ml, C Woodward (4) and other wofkers have
Look up the 5-5-4 code as if the 1.0 ml tudied the precision of the MPN in
volume actually were 10 ml, as if the 2'; ff S ﬁr ot ° b N d
0..1 ml volume actually were 1.0 ml be al%. Such reports shou.ld © stu‘dle
: and as if the 0. 01 ml volume actually y thos.e desiring ﬁ.lr.t her infozmation
' were 0.1 ml. - The MPN obfained (1600) regardmg the precision of thhe MPN test.
- - - - - - -then is-multiplied by.a.factor.of 10 to - &
give the corrected value, A simple |, g
formula for this type of correction is )
shown on a later page of this chapter.\ .
" N s / . . p
_Table 2, Apprommate Confidence Limits for Bacterial Densities as
" Per Cent of MPN ‘as Determined from Various Numbers of Tubes .
. .r in'Three DemmaLDﬂutggns* —_— -
Number of tubes 50% © 5% " 80% 90% 95% P
in each dilution Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
L 33 186 18 340 RN 402 10 637 6.5 955
2 47 160 31 246 “o1° 276 - 20 383 15 511
. . 3 . 53 150 - 38 215 . 34 237 - 26 311 21 395
s . 5 64 139. 49 182 48 196 37 241 31% 289 y
» gy C 6 127 . 63 | 152 °60 160 52 184 46~ 208 iy
¥The interpretation of these-figures is as follows: Whé}x MPN ‘estimates are
made on the basis of dilution tests using one tube in each of three decimal 4
dilutions, you will be right 50% of the time if you say*that the true bacterial
* ’ density is between 33% and 186% of the MPN, 1t you had used 5 tubes in each N
~ dilution you coulﬁﬁreduce this intervalto ffom 64% to 139% of the,MPN and still
be right 50% of the the. If a greater certainty were desired, say 95%, you e R
' would haye to widen this mte,rval to from 31% to 289%. " T
_ : Sy b
. - . g’.’.s;‘ L 3
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Use of Tables of Most Probalbfe Numbers
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%
. i b '
IV OCCURRENCE OF IMPROBABLE TUBE
RESULTS )

A Many of the theoretically possible tube
results are omitted from the MPN Table.
For exarnple, codes 0-0-3, 0-0-4, and
0-0-5 are not included-as well as many
others. These are omitted, because, in
the opinion of the authérs of the tables,
the probability of occurrence of such
results is so low as to exclude them from
practical consideratian.

B The frequency of occurrence of various
code results is shown in the Table 2 both
on a theoretical basis and on the basis of
actual laboratory experience.

.

C From the MPN tables, it can be inferred
that the codes omitted from the MPN
Table can be expected to occur up to 1%
of the time. If, in reviewing laboratory
data, the theoretically unlikely codes
occur apprec1a.b1y more than 1% of the
time, theré is-an indication f07 inquiry
into the causes. Such results
as a consequence- of faulty laboratory
Procedures, or (2) as a result of

. extraneous influences in the samples. )
1]

D The current edition of Standard Methods
does not include MPN values for many
rare combinations listed in previous
editions.
as Group IV in Table 3, the table has been
cons1derab1y <condehsed, Table 4 suggests
maximum permissible numbers of samples

can occur (1)

By pruning out those codes listed

. . for various numbers of samples tested.
Table 3 N
.' FIVE-TUBRE AND THREE-TUBE CODES“THAT-
INCLUD! 99 PER CENT OF ALL RESULTS
L}
Theoretically Ex- Theoretically Ex-
Group ~ pected Pércentage pected Cumulative Ozetae;;aegaPe!;cgntage
of Resylts Percentage mpies %4
S 4 DR
— * Five-Tube-Test I:)
Class 1 codes T S ®
550, 551, 552, 553, 67.5 67,5 [~ ——68.0 .
554, 500, 510, 520, R ;
N 530, 540, 100, 200
300, 400, }
. Class 2 codes . \ .
511, 521, 531, 541, 23.6 . 2l. 1 23,1
- 542, 110, 210, 310, g o ’
. 410, 420, ‘%, A
Class 3 codes . i " B
501, 010, 532, 320, C7.9 w 99.0 7.5
522, 220, 543, 430, .
120, 533, 330, 502,
020, 544, 440, 301, .
408, 431, 201, 411, '
101, 311, 421, 211,
! 001, -
. ’ v .
Improbable codes 1.0 100, 0 1.4
A ) * o N 3 Three-Tybe Test
' e {Class 1 codes " -
< °F 380, 331, 332, 300, 81.5 81.5 - 81,7
310, 320, 100, 200, , -
- L
Clags 2 codes . . . ) s
321, 311, 301, 210, 14, 8, M - 96,4 4.1 .
110, 010, - .
° . . Class 3'codes ! e
322, 220, 201, 101 2.7 29,1 ‘ ! 3.7
312, 120, ' .
Improbable codes 0.9 100, 0 0.6

-x

-.‘\ -
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__Table 4 . ample: From a sample of water, 5 out
of five 0.01 -
MA U'M PERMISSIBLE NUMBERS ve 0.0 ml portions, 2 out of five

001 -
¥0F IMPROBABLE CODES FOR VARIOUS 0 m1l portions, and 0 out of five

0.0001 - ml portions, gave positive
WWBERS OF SAMPLES TESTED .. reactions.

From the code 5-2-0 "} the MPN ta.ble

. Number of Maximum Number )/ :
? h
! Samples ° of-Improbable Codes . the MPN index is 49

- - . 49 10 _ .
1615 . ig ; “ . .(fi'om table) “0.01 - %9000 -
46 -~ 83 3 ' )
‘84 - 130 4 A MPN Index = 49,000
131 - 180 5
181 - 233 6 A simple approximation of the most
234 - 290 7 probable numbeXN may be obtained from
291 .~ 350 8 the following fofmula (after Thomas): ’
351 - 413 '9 :
414 - 477 10 ~ MPN/100 m} =
478 - 543 11— ~ . - -
. No. of Positive Tubes X 100 )
) W No. of ml in negative tubes) X(No. of ml
o in all tubes)
E Table 5 is from Internationat standards
* for Drinking- Water, published by the World Example: From a sample of water, 5 out
Health Organization, Geneva (1958). The of five J0 - ml portions, 2 out of five

last three values, not shown in the WHO
publication, ‘are from Woodward, ''How
Probable is the Most Probable Number.\"lﬁfl)

1.0 ml por’clons, and 0 out of five 0.1 ml
portipns gave positive results.

>

. F Severgl_theoretlcally possible c.:ombz.natmns MPN/100 ml = 7 X 19.0 = 50.29
of positive tube results are omitted in . B EIX0G5 5
Table 5. These combinations are omitted a ' :
be.cause the statistical .protfab}hty of MPN/100 ml"= 50
occurrence of any of the missing results . .
is less than 1%. If such theoretically ) A . :
unlikely tube combinations occur in more Note that the MPN obtained from the table

on the preceding pages with these tube

than 1% of samples, there ls need for - " results is 49. "Most probable numbers
+ review of the laboratory procedures and computed by the above formula deviate
of the nature of the samples being tested. > P y -

from values given by the usual methods

I:. amounts which ordinarily are .

insignificant. The formula is not B
- restricted as ta the number of.tubes

When the series of decirfzl dilutions i&
other than 10, 1.0 and.0.1 ], use the

MPN in Table 5 according td the followmg * and dilutions used ---" (Thomas) = ‘
formula: 1 ‘ |
. MPN 10 . ' .
. ‘. \(frorp table) Largest quantity tested N R

PN . € . . . : .

' \ = MPN/100 ml , - R
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, o Table 5. MPN INDEX AND 95% CONFIDENCE LIMITS FOR VARIOUS
+ COMBINATIONS OF POSITIVE AND NEGATIVE RESULTS WHEN FIVE
10-ML PORTIONS, FIVE 1-ML PORTIONS AND FIVE 0,1 ML PORTIONS
ARE USED ; . -
+ ’ \
N
No. of Tubes Giving 95% Con- No, of Tubes Giving ‘ 5% Con-
Positive Reaction out of MPN fidence Lirpits Positive Reaction out of MPN fidence Limits
Index - Index
Sof 10 |5o0f 1 50f0,1 per Lower [Upper{ |50f10 [50f1 ]50f0.1 per |[Lower] Upper
V__ml Each {ml Each ml Each | 100 ml v ml Each{ ml Each] ml Each} 100 ml
‘ 0 0 0 <2 - '
‘0 0 1 2 <0,5 7 4 2 1 26 ‘9 78
‘0 1 0 2 1<€0.5 7 4 3 - 0 27 9 80
0 2 0 4 <0.5 11 4 K 3 1‘ 33 11 93
. . 4 4 0 34 12 93
1 0 0 2 £0.5 7 °
1 0 1 4 <0.5 11 5 0 0 23 7 70
1 1 0 4 <0.5 11 5 0 1 31 11 89
r 1 1 [ <0.5 15 5 0 2 43 15 110 .
1 2 o ' . 6 0.5 15 5 1 0 33 11 93
‘ 5 1 1 46 16 120
2 0 0 . 5 0.5 13 5 1 2 63 21 150 ’
. 2 0- 1 7 1 17 i
~ 2 1 0 7 1 - 17 5 2 0 ‘49 17 130
2 1 1 -9 2 21 5 2 . 1 70° 23 170 .
2 2 20 9 ° 2 21 5 2 2 94 28 220 e
2 3. 0 12 3 28 5 3 0 79 | 25 190
5 |- 3 1 bato— [31 250 .
— 3 | 058~ 0 8 1 19 5 3 2 140 37 |, 340
3 ° . 0 1 11- 2 , 25 ) 3 .3 180 , 44 500 N
3 1 0 11 2 25 5 4 0 130 35" 300
e 3 1 1 14 4 34 5 4 1 170 43 ° 490
3 2 o , <14 4 34 5 4 2 220 —_ 57 700
3 2 1 17 5 46 5 4 3 280 90 850
3 - g - 0 17 5 46 5 4\ 4 350 120 1, 000
4 0 4 0 13 -3 31 5 5 0 240 68 750
4 0 1 *17 5 46 5 5 \ 1 350 120 1, 000
. 4 1 0 17 . 5 46 5 5 2 540 180 1, 400 °*
. 4 1 1 21- 7_ . 63 5 ) 3 920 300 3,200
_4 1 2 326 9 WZB . 5 5 4 1600 640 5, 800
5 4 2 0 22 1. ] 781 5 5 5 F2400 R
. . b . ‘
‘i * .
- ;‘afm‘: - » ' I.- R *
\ s Ry ' D
"' ' 70 i L)
b — : .
‘ - & ( .
’ o ' 5
?[ T‘C-S‘ < ' ) oy
i R - ‘
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% Use of Table‘s of Most Probable Numbers ‘

B A
~ f .- S
L]

N . L]

Table 6.. MPN AND 95% CONFIDENCE LIMITS FOR-VARIOUS
COMBINATIONS OF POSITIVE RESULTS IN A PLANTING

SERIES OF FIVE 10-ml PORTIONS OF SAMPLE

J

No. of Positive Tubes Out of:[MPN per| Limits of MPN ..
Five 10-ml Tubes 100 ml’ | Lower | Upper . o
0 R 0 6.0
1 2.2 0.1 | 12.6 . )
_ 2 - 5.1 0.5 | is9.2 ) ?
"3 9.2 1.6 | 29.4
. 4 16.0 3.3 | 52.9 :
. 5 > 16 8.0 _ ; .
. ,
\ ' .
‘ . H . :
Table 7. MPN AND 95% CONFIDENCE LIMITS FOR VARIOUS .
COMBINATIONS OF POSITIVE RESULTS IN A PLANTING SERIES OF . ‘
_FIVE 10-ml, ONE 1-ml, AND ONE 0.1-ml PORTIONS OF SAMPLE « ;=
. -\
—— ——X N
' No. of Positive Tubes Qut of: " MPN Limits of MPN .
Five 10-ml} One 1-ml {One 0.1-mll per Lower| Upper
Tubes Tube Tube 100 ml ] Pper,
0 0 0 <2 ‘5.9
0 .1 0 2 0.050 | 13 |
1 0 0 2.2 0.050 | 13 |
‘e 1 0 4.4 0.52 14
, 2 0 0 5 0.54 | 419
. 2 1. 0 7.6 |.1.5 19 .
3 * 0 0 _ 8.8 1.6 29
3 1 0 12 3.1 .30 »
Ay 4 0 0 15 3.3 46
4 0 1 20 . |'5.9 48
Co4 o T 0 21~ |60 | 53 .
5 0 0 38 . 6.4 330 ‘a
. 0 1 96 | 12 370
5 1 - 0 240 12 3700
5 1 1 >240 88 .
» — — )
A
¢ . . . "
‘ ‘%’31" vy - e ) * q
. ERRIR R . T
, . '§E>'§&‘ v . M : j_' r‘(.'ﬂ,i
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Use of Tables of Most Probabie Numbers

v o, ]

IV TABLES OF MOST PROBABLE
NUMBERS -

These tabled consist of the MPN indices and N

95% confidence limits, within which the 5
actual number of organisms can lie,’ for

various combindtions of pesitive and

negative tubes., Three MPN tables are
presented. - Table & i8 based on five 10 ml ..
five 1,0 ml and five 0, I ml sample portions,
Table 6 is based-on five 10 ml sample por-

tions; and Table 7 is based on five 10 ml,

one 1 mlanc one 0.1 ml sample portion,

-
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) MPN THEORY

. . Part 2

I DERIVATION OF THE MPN
.A Assumptions -
\’ .

The validity of the MPN procedure is based *
upon two principal assumptions.

.1 In statistical language, the fir§t“Ispthat
the organisms are distributed ra@om-ly
throughout the liquid. This means that
an-organism is equally likely to be’
found in any part of the liquid, and that '
there is no tendency for pairs or groups
of organisms either to cluster together
or to repel one another.

PROBABILITY

g

2 The second assumption is that each
sample from the liquid, whengincubated
in the culture medium, is certain to

__ exhibit growth whenever the sample
contains one or more organisms.

B The Probability Equation

—Basedupon these-assumptions;-an-equation

S

i 1 L
' d(MPN% -
BACTERIA PER 100 ML

=

for the probability of the observed com-~
bination of positivé and negative tubes can
be derived as a function of the true density
6, By solving this equation for different
_values of 6a curve can be plottedas-shown
in Figure 1.. .

Curves of this type always have a single
maximum or peak, The value of 4, ‘say d,
which corresponds to the peak of the curve
is called the most probable number, '
commonly designated as MPN,

The MPN is "most proba.}),;eé'&"“ ‘the sense '
that it is the number~which maximizes the

v

~ probability of the observed resulis. Itis .
o interestmg to note that although the )
or1g1nal derivation of the M predates

modern statistical estimation, the MPN
" procedure corresponds to the ¢firrently
accepted estimation procedure known.as
the '"mrethod of maximum li:kehhood "

-

’

C

FIGURE 1

Indeterminant Solutions

The MPYN- prov1des a meanmgful estunate
of 6 only if there are,both positive and
negative tubes in at least one dilution.

If all tubes are negatwe, the max1mum

of the probability, curve occurs when & 15\
set equal to zero (see Figure 2) and thus
the MPN is zero. If all tubes are positive,
the maximum of the probability curve
occurs when & s set equal to:infinity

(see Figure 3) and thus the MPN is infinity.

HTF
~ e
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- MPN Theory ' v
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R ? '~-_ kY . ’/ » {;& '
'ALL TUBES NEGATIVE ¢
1200 ] U
¥ e '
< o
- 3
S ) . -, - - g
2 0-50 MAXIMUM AT §=0 . O
@ &
o) )
ol L
£
0 = :
BACTERIA PER100 ML~ : ) . \,/
FIGURE 2 . e FIGURE 4 3
: ’ o ! B Logarithmically-Normal Distribution
1.00 — ALl TUBE% POSITIVE Since it is mathematically inconvenient
. to work with data distributed asymmetri-
. cally, it is desirable to transform the
> skewed data in such a way that the trans-
’ 5 formed values have a symmetric distri- .
a bution resembling the nornial. In the
< case of MPN values the logarithms of, .
m ’ the MPN's are approximately normally ° .
8 distributed as shown in Figure 5,
——— e —— ’ N ) »
o . o
il - DR T g T
BACTERIA PER 100 ML b~ .
3 2 FIGURE.§ . > : - 2P
- ‘ - :-': SYMME’[RIC *
, . = NORMA ‘
Ce § DISTRIBUTION OF MPN VALUES b ( L) , ~
* . . * . , o - ‘
;A Skewed Distribution (o} "
L E ol
. If a,very large number of mdepenaent
- MPN determinations were made on the
same water sample, the,distribution of .
the MPN values would be such that very N ' log(MPN) K 3
) high values relative:to the médian valye - p
L . . would occur more frequently than very s, -
low values. Thus the distribution of MPN 3 e
values. is skewed to the-right as shown in ., | . . '3_ o,
¢ Figre 4l , ~ “ ' .- " FIGURE 5 "
r‘ . T v, T . ’7 - L, . . o
" ‘ . . . - ) 'x' WA E,
. . e
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c Precision of MPN Estimates

The ldck of precision of MPN estimates

of bacterial densmes is generally recogs

- nized, A measure of the precision is

* given by the confidence limits on the ™

estimate which can be computed on the-

) basis of the normal distribution of the

+ logarithmsvof the MRN values. It has

‘ . been verified that three-tube and five-
tube MPN estimates are appréximately
loggrithmically normal and the' sfandard

* deviation of the logarithms of the MPN's

is given by the formula: | * . I
N . e ) ¥
o 0.58 A The Rationale o . 7
- B log__ Jn . - o - ) .
It was\\nentipned that the MPN procedure
provities a reasonable estimate of the trué
. where O lq is the Standard deviation Of depsity gnly‘:if ‘there are bboth positive and
the logarithms of the MPN estimates and . negative tubes in at least one dilution.
° . his the number of tubes in each\Q;,lutmn > It follows that in a series of dilutions the
expected number of organisms in the
. - The upper and lowér 95% confidence limits . highest sample volume (lowest dilution)
of an MPN estimate are given by the . should be at least one, otherw1se all
. formulas: ) .t e tuIBIes ,may be negative and the result will
. . ’ .be an ﬁndetermmant value.
- . UCL = antilog (log MPN + 1.960 ) .
: oo ‘
- ~ ) - . # MPN o k, . . - 4 ¢
: _ - _—
' LCL = antilog (log MPN - 1960, ) 0
: = antilog (log . 1.960 log -
= MPN"i k, 3 4991
- B N
- - - - & .
A where k = antilog (1.96d 1), . & i
) © 300 .
N :
” . w b
2 N . ,': 9 — .
. U
L - ‘ z - «
" IS (o]
N U. 2004
. ¢ "J , ﬁ n ]
) L R
+ - o -
. ‘ ) = 100 \
o, ! . . a . d- . . 2
o i [} t ; 2 ) o
. / N : - $
= T oY - T T T T T T T T T T T
S 3 05 . 107 Y2 .m0 |
s BT ’ - SiLOTION |
e wE ‘ » NUMBER OF TUBES PER DILUTION \ *
€ - . ~ - . , . )
~ b - L)
s : C el LI ,. - FIGURESG -
i i # q 80 - )
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‘ - MPN THhHeory

Notlce that the conf1dence limits are npt .

symmetric about the MPH esnmate.

The precision of the MPN estimate can

be increased by’in;reasmg the number;

of tpbes per dilution. F1gupe6 shows the

width ofrfhe 95% conﬁdenceomterva”l .

expressedas a percentage of the MPN

estimate for various values of n,. Notice

that the width of the confidence interval

decreag%s asn increases. -
1

b
s 1

PLANNING ‘A DILUTION SERIES ° * .

.




estimating any density between 1/v

and

[ [] “ °
e _ < - LY
MPN Theory . . - ~ "
- : S~ 4 ’ . C ) - )
) .. ) . . ' - .
¢ Similarly, the expected number or - density ies. "The sample volumes are
organisms in the lowest sample volume tpen chosen to satisfy the rules .
(highest dilution) v, should not exceed ' : ~
one, to'avoid the risk that all tubes will - ) 1 1. g
be positive. . . - V., > = ;3 V< = .
o . .. . . H - 6L L- 6H . .
B The Rule ! s RS
@ 4 . . o N , v 1 -— i , M se s
The above line of reasoning leads'to.the Tahle 1 display S the range of 'den.smes ’
- eq s . . covered by various decimal dilution LY
rule that a dilution series is cdpable of series. .» U : )

1/v Inpractice, we use the rule%x «
fir It"guessmgu two limits *éH and 6. betyeen
which we are fairly certdin that tlLr'e aétual ’ &
c ‘ 1 Mb . v ‘ '
. « . @ v )
A AT
e ’ .\ i TABLE 1
3 J > -
of . SAMPLE VOLUME RANGE COVERED
S ML) (COLIFORMS /100 ML) : .
e *» ‘ — .
. « b - 10 " .
S [ 10" ~10°3
. T “ k s ..
K o~ 102104 . -
e 10°% B *  10%-10°
» . %;& * -
) v ,_'.,_,'F‘ --10 3 n 7= 'I()‘..'I()6
-4 -
.. .10 ~—— 10° 107 - -
e I [ - lo“--lo8 S Lo
e ) u' -6
: et S I 107 -10°
. ) ‘. xa ~‘ 10_7 loc
. ' P,
¥ . . .
Q
’ ’
. , .
— —— (‘ B . T Te— - “ . L . %.{
.i. o This outline was prepared by J. H. Parker, !
- former Statistician, Analytical Quality o
. Control, Bureau of Water Hygiene, EPA, -
. Cincinnati, OH.
1 : : ~' 'o; .
» . 8-] -
£ Descmp}ors Bacteria, Coliforms, MPN,
v . Most Probable Number, Measurement, .
) Microbiology, Laboratory Tests - R 3
4 L ) .
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% patent on his production me thods it

I HISTORICAL BACKGROUND

There is sometimes a tendency to look upon
membrane filters and their bacteriological
apphcatlons as new developments. Both the
filters and many of their present ba vagterio-
logical applications are derived from earlier
work in Europe.

7

N 3

A Some 'Europe‘an developments prior to
<+ 1947 are as follows:

1 Fick is credited with application of
. collodion membranes in blologlcaI'
investigations in 1855. ™
2 Sanarelli, in 1891, reported'develop-
ment of membrane filters impermeable
to bacteria but permeable to their
toxins. L :

3 Beghhold, in the early 1900's made
a systematic study of the physico-
chemical properties of a number of
_varieties of these membranes. After

THE MEMBRANE FILTER IN WATER BACTERIOLOGY . .

¢ * . ) . ‘e

-B Developments in the United State€

determination of bacterial counts,
coliform determinations, and isolation
of pathogenic bacteria from water and
¢ other fluids. Most early interest in
developing these technlques seems to
have been in Germany and in Russia.
- During World War II Dr: G. Mueller

- applied membrane filter t'echn1ques

to the bacteriological examination of
water, following bomb destruction of

many of the laboratories.
Y

1 In 1947, Dr. A. Goetz reported on a _
mission to Germany as a scientific
consuftant to the Technical Industrial
Intelhgence Branch, U. 8. Department
of Commerce. He obtained detailed
information about the nature, method
of preparatlon and specific bacterlo-

wlogical applications of theé Zs1gmondy‘
Membranfilter, being manufactured

ot by the Membranfiltergesellschaft in

GoeYtlngen

1911 numerous 1nvest1gat10ns were
made in several countries with re spect,
to the properties of collodlon membranes.

4 Zsigmondy and Bachmann 1916 - 1918
developed improved production methods
which aere applicable on a commercial
. scale.” Membrane f11ters have been
produced for many years at the
Membranﬁltergesellschaft Sartorlous
‘Werke, in Goettingen, Germany.  In .
1919 Zsi g’mondy-applied_fgl;gU\S

H

5 was grantedm 1922 ) :

s P e

.5 In the 1930's, W J Elford in England,
and P, Graber in France, ‘made new
contrlbutlons 1r;1 developlng and teachjgg

. methods for making collodion membranes
with controlled pore'size. - o

. 6 Before World War 1I filtration

procedures using the- ~Zs1gmondy
membrane nad been suégested for the

SR

f

X

BT U ———

2. After his return to this country,
Dr, Goetz developed methods for ry

preparlng and improved type of

. mefnbrane fllter from domestic

On a small scale he

mateprials.

manufactured filters under a Iy

government contract; afterward

membrane filter manufacture was -
continued by a commercial organization.
S . S

3 In 1950, bacterjologists of the Public
Health4Servme began intensive study

of the apphcations of membraile filters .

in bactermlog:tc&l examinations of
water. ~ Their first report«was
published in 1951, and was followed.
by numerous reports of other s1m11ar
‘s mvest,1gat1ons. Such studies have
be‘e‘n mdelyoexpanded as indicated in-
po references shown elsewhere in this

¢

. manual. ‘ . N L.

L4 . ) ' ' d\\f :- 9’

I <

e o § o

NOTE: Mention*nf nnmmeroml pmduots and manufmt‘urers does not implv cndot -emeN by the

OWP Euveron m:'ma.L Protection- agency. -
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The Mmerane Filter.irr Water Bacteriology
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"% o 4.,In 1955 ther10th Editioh of "Standard
Methods for the Exdmination of ‘Water,

a tentative methed for cci1forms by mem-=
brane filter method. In the 11th and 12th
editions, the mémbrane f;lter method
for cohforms has become official. In
.ddd1t1on, methods for egxterococcus
(fefal streptococci) are.included as
L at “The 13th edition ~

.ﬁﬁwc_-‘

- ~atiVe methods, -
%ad given tne fecal ‘gtreptc\ooccus test:
" a standard desighation and the tentative
method status reserved f8r the "pour
plate" techmque of quant1tat1on.

]

Ed

The membrane, filter is an of.f1c1al
method for examination of potable waters
in interstate commerce. The Public
Health Service Drinking Water Standards
$1962) state "Organisms of the cohfo&n
ﬁk group. ... All the details of ttchiniqué
... shal] be in accordance with St&ndard
Methods for Exaniinatmn of Water and -

Ed

.Wastewater, curredt edition..." Thusa
acceptance by‘Standard Methods as,
official automatmally validates a method

for usé with interstate waters. - °
.

e

.

*
« \’.

o p@OPERTIE,s QF- \MEMBRA,NEE-FIL‘I‘ERS

L

“Membrane filtere used in water bac,‘.emology
are flat, ‘highly. gorous, flexible plagtic discs
about 0, 15 millimeters in thickness “and usually
4;7 '50 milhmegers in dlaakter - ..

,

. ‘A Prmc;ple of‘Manufacture £ -

.

The rocedureg described below are from
- FIAT Report 1312, While*the mathods in-

the c}lrrent nufacturing processes, it is
-assumed that similar principles of manu-
facture still apply .

> l

° -

’l One or more cellulose esters, such as
cellulose nitrate, is dxssolud in a
- suitable solvent.

e

AR

L}
2 Water, or some other liqﬁid insoluble

in the cellulose- solution, .is added and
ixed, tq,form an emulsion having great
uniformity ify gize and distribution of
droplets of the insoluble liquid

l... s

*
.

Sewage, and Industrial Wastes" included -

‘a

Sy

dicatéd by Goetz- do pot necessarily desgcribe -

-

4

3 The emulsion is cast on plates and dried

4n an environment rigidly controlled as to

‘. humidity and temperature, The droplets

. » of insoluble fluid retain their size and
identity in the dried film, eventually
becoming the pores of the finished
membrane.

I3
°

@
-

v

4 The dried poxous f11m is cut into filter
discs of the-desired size: Representa-
tive discs are subJected to control tests
for accurate’ determinition ¥ the pore

. size obtained

°

5. Part1c1e retention by membrane filters
is at or very: néar the filter surface, by
2 mechantqal sieve-like action, (This
apphesx,ff’/hydrosols,. not to aerosols, )
Throu )gh manufacturing control it is

pos§1ble to make membrane filters with

+

(&3

controlled pore size, within narrow l_umtg_

~ .
. B Some Important Characteristics of
Membrane Filters

- °

.

"/

¢

1 The membrane filters used in micro-.
. biology, should be flat, circular, gridded,
of uniform thickness and porosity, non-
toxic to microorganisms, wettable,
able to withstand commonly employed
sterilizing conditions, and unaffected by
the fluid to be-filtered.

€

W1thout'refer,encé to specific manufacture
some particylars of their products have
included

e I

v o

... Average pore diameter ranging .
om 5 millimicrons to 10 microns.

"‘hicknesses ranging from 10 to

150 microns. Can be sterihzed

by autoclaving at 121 °o4or 107

minutes.

-

a

- < - i

... ,mean ﬂow pore- size ranging from.
1.5 millimicrons to 5 microns.
The pore size uded in water
bacteriofogy having a standard
diameter, ha.s -y watEr flots rate
“of 70cc‘/m1n/cm ‘and must pass
100.m1 &f particle- free.water
within 8 qeconds !

\

.
.

.
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embrane Filter in Water .Bacteriology

° ¢ , ... currently produced in more
d - than twenty distinct pore sizes
from 14 microns to 10 milli- -
microns in discs ranging from
! 13 mm.to 293 mm in diameter. .
. The total range of pore size
distribution of the type used in )
water microbtology of 0.45 mpicrons ‘
. is plus or minus 0.02 micron..

e g L., membranes are offered in C Nomenclature * ' )
’ ‘ graduated pore sizes ranging . ) . : -
from 12 microns to 5 milli- Membrane, filters used in bacteriological
. microns. The types used in . tests on water are known under several
' water bactgriology have a dis- names. Though the names are different,
tilled wa%{low rate of 65 the filters are similar in form, propertigs,
ml/min/em” at 700 mm Hg . angmethod of use. Names commonly en-
. . differential pressure ‘or an air countered are: oo
. flow rate of 0.4 liters/min/cm ’ .
at a differential pressure of 1 Membrane 4{ilte r, This is the general:
500mm water. . &, name forefilters made according to"
the generalprinciples and having the
N . properties discussed above. The term.
% 4 Membrane filtgrs are wettable. Thus, - "membrane filter" is most used fa
- after sample fgtnration, when_a filter - .. technical reports on filters of this type.
is placed on mJdjist culture medigm,the :
, . medium diffuses through the pores and , 2 Molecular filter. This name used by
is gvailable, to’organisms collected on® ' Goetz for the improyed type of filter )
the opposite sirface: that he and his associates developed
i after study of the manufacturing methods
. ) 5 Mgmbrane filters are frc.ze. of soluble at the Membranfiltergesellschaft in
) , che.mlcial substances inhibitory to b.acf- . Goettingen, Germany. .
. terial growth. Water soluble plasticizers » , .
are included in one commercially pro- 3 Millipore filtex,' is ; trade name for
duced filter (glycerol, 2.3%). The ‘ membrane filters made by the Millipore
cellulose esters themselves have some Filter Corporation. :
T . absorbing tendency illustrated by some . '
+ dyes and heavy metals. -Total afh is . 4 Bac-T-Flex filtér.is a trade name
) . very low, less than 0,0001%. " applied to certain membrane filters .
ve “ made by Carl Schleicher,dnd Schuell
6 Membrane filters have a uniform index < Company, R
"« . of refraction. - With membrane filters, , ' -
. this index is N: 1.5. When wetted" Yoo T .
- ” ~: with g liquid Having refractive index © 7 5 Oxoid fiiter is a trade.name applieé. to
T within this range, _‘ﬁe filters hecome *_ filtetrs made by *Oxo, Ltd.,; London,
o _ transparent. This propedy permits England.
M ya o direct microscopic examination of B . . . .,
T part1culate matter pollected on the Vaa¥
. . filfer surface. 'y - - . . :
- Lot v 3 TN N
7 - Temperature; resistarice depends on” :
. * plastics used in the filter. The nitro- _ ¢, o
P ~ellulose membya'n'e filter is stuble-dry ’ ! * ' ‘

- Tt -

]

T

4 -
o

up to 125°C in air, Membranes

*of cellulose triacetate are aavertised i)
withstand dry heat to 266°C, Ingenerat
however, membranes in current use
must be sterilized cautiously. Con-

. sult the laboratory equipment discussion

for details. Overheating of all types *
interferes with filtration by bldckmg
pores. .

¢
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, The Membrane Filter in Water Bacteriology -
- - - e
s . -
, . 8 Micropore, Polypore and Metricel 2) A verified membrane filter.coli-
- have been trade names used by the foerm test can be used whenineeded
.Gedman Instrument-Cognpany. as a supplement to the direct mem-
- - . kg‘:ne filter test. Pure culfures*
A .obtained from individual
III -APPLICAT IONS'.IN WATER BACTERJOLOGY colonies differentiated on the
‘ « membrane filter and subjedted |,
A The, basic cultural procedures fof bacterio- to furtier cultural, bioche%\ical,
log1ca1 tests on membrane filtefrs are © and staining tests to establish
. < * - n the 1dent1ty of the colorues l&)eing
"‘“'“_";" _":I “A’ saniple isfiltered through a a membrane stud1ed - T
’ hlte re .. - , .
twt T \ 3) The delayed membrane filter
"2 The filter is placed in a culture con- coliform test was developed to
.tainer, on an agar medium or a paper overcome batterial changes fre-
pad 1mpregnated with mo1st culture quently occurring when the e is
medium. . a délay of one to several days
: between sample collection and
3 The inoculated filter is incubated under the-initiation of laboratory tests.
prescribed conditions of time, tempera- The test consists of bample\ fil-
ture, and humidity. ‘ tration at or shortly after the time
[ _ of sample collection. The ;inocu-~
{ 4 After incubation, the resulting cul!:ure lated filter is placed ‘ona preser-
is examined and necessary interpreta,- vative medium and taken or sent
tions and/or additional tests are made: to a laboratory, where it is trans-
B ' . ) X . ferredto a growth medium for'the
B With variations in such factors as culture g}fferennatmn of coliform Jolomes
. mdodia, incubation time, and combinations ~ *After incubation the culture is ex-
R with other cultural and biochemical tests, . amined and the results are evalu=-
several diffefent kinds of tests are ated as®or the direct membrane
available, Y . filter toliform test, - J
|
o !
1 Total'bacterial counts are ‘'made by 4) A medium and t¢€hnique. for‘
. cultivation of bacteria on membrane detecting and cpunting fecal |
T - filters using an enriched all-purpose - coliform bacteria has been i
, culture medium. ’ developed and is called M-F C
s .. b Broth. .Thig medium currently a
™ 2 Tests for bacterial indicators of & tvsatbeexl'qgou ut?ozng:::isel:glv in
. ¥+ pollution., . S ‘ -
N . . o\“":f - . . .
. . s .
.- . =+ & Coliform tests . g k .
- . ) : . . b. Selective, differential, culture media
1) The direct membrane filter tests ¢ have been developed for direct|cul-
e : fQr coliforms is one in which, tural tests for members of the enter-
&ter sample filtration, the mem- dcoccus group of bacteria, .
- brane illter is incubated in con- " ‘ .
- +tact wi Sne or more spec1a1 3 Tests for pathogenic bacteria !
medijgq. At least one of the media . et . )
isa's ect1ve, d1fferent1a1(me um » ,a 'Workers.are currently testing lnew ’
) includin cgnﬂopenwsw_l;lch pu:]k media for the differentiagion 01’E ,
v mit colif rm-bactgma&o develop . members of the Salmonella-Shigella
. : colomes asily recogpxzablé by , group of enteric pathogens. Ayail-
fo lor, sheen, or other Lo e able information indicates potential *
.o chax‘actenstzcs. . usefulness of a screening medium
? P . B . R , - e P . ’ '
’ - ’, . . . - ’ :" q ! ' /‘ . )
# - \. * ',.. . '
R - 8 . 8 . |
\ : . 9 . -
- . ] [ . . “. :“ . N . . (




i . fo:)differentiatiqn of nonlactose=-
fermenting, non urease-producing
_%cteria.'
' .
b One medium has beep used
for screenmé tests in detect1on of
" Salmonella gzghosa.

.

¢ Further confirmatory cultural, bio-
& . chemical, and serolog1ca1 tests are

necessary %o estabhsh the identity, of
bacteria differentiated with theése
‘ sc reemng, media.
]

C Menibrane filter techniques can be apphed
both in the 1aboratory and under field con-

ditions. Several varieties of portable mem-

brane filter field units have been developed
_on a commercial basis.

] . ) —_—

- IV ADVANTAGES AND LIMITATIONS 2
This evaluation is limited to tests for the coli-
form group. Similar, but separate evaltiations
would have to be made for any other bacterio-
logical test. *

A Advantages

1 Results are dbtained in approximately

24 hours, #; s compared with 48-96 hours
required®r the standard férmentatmn

tube method >y - . oL

2 Much larger, and hence more represen-
. tative samples of water can be sampled
routmely with membrane filters.

3. Numerical results from membrarne
filters have much greater precision
(reﬁroduc1b111ty) than is expected with.
the fermentation tube method.

* 4 The equipment and supplies-required are
Jhot hujky.~ A great many samples can be’

—_.» *examined with minimum requirements

“for laboratory space, equ1pm&nt and

I supplies, « - ) i .

4

4 B Limitations
. - ¢ - -

1 “Samples haying high nuimbers of non-
coliform bacteria capable of growing on

‘e

_. filter methods and use the mu1t1p1e fer- N

The Membrane Filter inh Watér-Bacteriology .

-

+Endo type’ culture, media sometimes
' give difficulty. In such cases a high
ratio of thesé noncoliform bacteria to
coliforms results in poor sheen pro- |
., duction, or éven suppression, of the -
" coliform organisms,
L4
2 In samples having low coliform counts’
and relatively great amounts of sus- .
pended Solids; bdcterial growth some- . - -
titnes develops ifi 4 Contintious filmoa ~ =~ ~
the' membrane surface. In such cases
the typlcal coliform sheen sometlmes
fails to develop.
1
3 Some samples containing as mbch as
1 milligram per liter of copper or zinc,
or both,» show irregular coliform bac~
terial results.

» 4 Occasional strains of-bacteria growing
on membrane filters producing sheen
colonies prove, on subsequent testmg,
to be acid but not gas-producers from
lactose. Where this occurs it may | -
give a falsely-high indication of coliform
density.
Such 11m1tat1ons as these are not frequent,
but they do occur .often enough to re.qu1re
consideratién. In samples where ‘these dif-
ficulties often occur, the best course of
action often is to aveoid.use of membrane

mentation tube proce dures. b

-

\4 SUM MARY
The development of membrane filters and
their bacterial applications-has been discuss
briefly, from their European or1g1n to their
current status in this country. Membrane .
.filters currently available here have been
described, and their properties have be&n
-considered. Applications of membrane filters
in water bacteriology are indicated in general
terms, Some of the advantages and limﬂ:ations
of ‘membrahe- filter methods are presented. for _
cohfqrm tests. roo. . 1
~
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MEMBR.ANE FILTER EQ
PREPARA TION FOR

e

- N \

I gome equipment and supphes used in the
bacteriological examination of water ‘with

membrane filters are specific for the method.

, Other items are standard in most well-

o equipped bactemolog:_lcal laboratorles and

e

+ are réadﬂy adapted to membrane filter work.
- This chapter déscribes needed.equipment and
methods faor it§ preparation for ]aboratorx
use. Where more than one.kind of item 1s
available or acceptable for a g1ven function,

#sufficient desc;nptlve information is pro-
vided to aid the worker in selecting the one
best suited to his own needs.

¢
.

{ , : :
"1 + EQUIPMENT FOR SAMPLE FILTRATION
- AND INCUBATION

: A Filter Hojding Unit
T

1 The filter holding unit is a device for
supporting the memb’rane filter and for
+ holding the sample until it passes
through the filter. During filtration
_the sample passes through a circular

~

area, usually about 35 mm in diameter,

The oufer

ENT AND ITS
BORATORY USE .

lower portion is a flat ring that rests
on the outer part of the membrane
filter disk, directly over the non-
__ porous part of the filter support
plate, S - N

e e mm m me emTm n mm  meme m e a e e

" ¢ The asseinbled filter hblding unit is
joined by a locking ringjor by one
. . or more clamps.
T2 Character1st1cs of filter hold1ng umts
should include:.

a Thé design of filter holding units

should provide .for filtratign with
vacuum.

»

. ; -
. (A} ASSEMBLED FILTER .
HOLDING _UNIT . .

LOCKING RING

? (B) UPPER" ELEMENT
®

A\ TE

s in thé center of the filter.
,part of the filter disk is clamped

‘between the two essential components
* of the f11ter, holding unit.

. ! '

a The lower, element, called thg filter
base, or receptacle, supports the
membrane filter on a plate about ’
50 mm in diameter.. The central
part of this plate is a porous disk
to allow free passage of liquids, -
The outer part of the plate isa ~_
smooth nofiporous surface. The
T lower eier. 2nt includes fittings for
ot mounting’.ne unit in a suction flask
or other coqtainer suitable for
filtration with vacuum.

hd -

L) . ' ~
b The upper.element, usually called"
the funnel, holds the sample until
- it is drawn throughjhe}'fﬂter. Its

- N

‘(See Plate 1)

P

PLATE 1 .

/

2 W.BA. mem, 60k &, 71, .

. ﬂ"“‘n«;rw‘xlhe—*ann‘nnmentaLPpott‘euon.AgenCy‘.m — e

. NOTE. Mention of commerciel pruduct'-) and manufacturers does not imply endorsement by the

r
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b Filter holding units may be made
of glass, porcelain, plastic, non-
corrosive metal, or other impervious
material.

™

. ¢ Filter holding qﬁits should be made
of bacteriologically inert materials.»

d All surfaces of the filter holding i
e asgembl}?in coutact with the water

' the membrane filter should be .
. uniformly smooth and free from
, corrugations, -seams, or other sur-
' face irregularities that could become
lodging places for bacteria.

) s

e Filter holding units should bé easily
stérilized by routine methods. ’

f The filter holding unit should be o
) easily an qu1ck1y Assembled and
- ¥ disassemMedyn routme operatmnal
- use. ) -
g Filter holding units should be' durable
« . and jnexpensive. Maintenance shouid
be simple
3 Several forms & silter holding ‘units
have been develbped for use w1th
aqueous suspensmns.
a:' r i
*a SS 47 Membrane Filter Holder .
. (Plate 2, Figure 1)

»

Conical-shape, funnel with a 500 ml -
capacity. The base section includes
8 wirescreen membrane support. - .
Funnel and base section are evenly _
\/" joined by a locking.ring mechanism. .
\'This assembly is designed to hold a
*47 mm diameter membrane firmly in ¢
place allowinig an effective filter area
- of appr ximately 976 square centi-
. meters. The ehtire filter unit is
‘ made of stainless steel with the
) funnel, interiox having a mirror-like
‘L . ﬁmsh" g S :

<

“
PN

.b The M1111pore Pyrex Filter Holder '
(P]ate 2, Figure 2) ‘ .
. . . L] TN
iy The ynit is made of pyrex glass with -
coarse grade fitted support in base

.
. -t
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for filter. The upper element of
early models of glass filter holders
had a capacity of 1 liter. Currently
available units are supphed with
upper elements’ havmg 300 ml
capacity. The assembled filter
holder is joined with a spring
clamp which engages on flat sur-
faces encircling the upper and
lower élements.  :

v

¢ Millipore Standard Hydrosol Filter .
Holder (Plate 2,- Figure 3)
Most components of this unit are
made of stainless metal. ‘The .
porous membrane support plate-is
fine-mesh stamlessxsteel se¢reening.
The upper element is a stralght-
sided cylinder 4 to 5%inches in
diameter, constrmted to a narrow

. eylinder at the bottom, to fit the

lower element.
" ‘funnel’¢lement is about- 1 liter-
“The assembled filter holding unit is
joined by a bayon_et joint and locking
‘ring. Accgssories may be obtained
Tor collection of small 2Zmounts of
filtrate and for anhydrous sterilization
of the filter holding assembly. _

d Gelman "Parabella Vacuum Funnel"
. (Plate 2, Figure 5)

The unit is made of spun stainless
steel. The locking ring is a bayonet~
type f1tt1ng, and is spring~loaded.
The funnel element has a 1-litere
qapacny .
e The Sabro Membrane Filter Holder
(Plate 2, Figure 4)
The unit is mostly of stainless steel
congtruction. The lower element is’
a combination vacuum chamber,
filtrate receiver, and filter support-
" ing elemeht. It consists of a-stainless
steel cup’ with a metal cover. The”
; cover is fitted withja rubber gasket:
permitting airtight fit of the cover
into the top-of the cup.. A porous
gintered stainless steel membrane
support disk is mounted in fhe
center of the cover. At the side

2 . . . ,

,%

H,,:__, - e ;'_,J',_-,

Capacity of the .

S 1‘
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! o - ’ . r":’ . .
- . of the beaker is a valve to which a ** . 4 Care and maintenance of filter holding
i . : ' pumping device can be fitteq. The . , units .
o~ ' - upper element is a styinless steel L <
3 - . dunnel with aboyt 500 ml capacity. 4 Filter holding units should be kept
» 7 _ . The assembled filter hofding unit is ' clean and free of accumulated .o
. e ""%ined‘by a locking ring at the base foreign deposits. ‘
. - - ¥ of the upper element. This engages to ’

‘ ) on three spring clamps on the covering b Metal filter holding units should be .
. . .- . plate of the lower element. * protected from scratches or other .
L e oo .o D oo foe - 7eowoo. . . . physical damage which could-result - — — |

P ‘T Millipore "Sterifil" filter unit . in-formation of surface irregularities.
e { (Plate 2, Figure 6) The surfaces in contact wifh mem-
. . J ) ] brane filters shotild receive
. e . A funnel and flask unit of poly- " particular care to avoid formation )
) carbohate with filter. base and . of shreds 'of metal or other ¢
. aps . P -

support of polypropylene. Manu- _ . . irregularities which could cause
facturers tabl% should be referred physical damage to the extremely
toregarding chemicals which may delicate filters. -

. be present in the;sample and their ‘ ‘ .

. effect on the holder and flask . ¢ Some filter holding units have

_ elements. This unit can be safely rubber components: The rubber ™
sterilized under stz2am pressure. . partS/may in time become worn,

* ’ hardéned, or cracked, necessitating

replacement of the rubber part .
involved. . ‘

FILTER HOLDING UNITS
EOR AQUEOUS SUSPENSIONS

-

-

d The locking rings used in some
" kinds of filter holders have two or
more small wheels or rollers
which engage on parts of the filter
. holding assembly. Occasional .
’ adjustment or cleaning is necessary w
1

to insure that the wheels turd freely
-+ and function properly. On some

units, the wheels are plastic, and
ave not ihtended to turn, When
worn flat, they should be loosened, )
turned a partial turn, and tightened

/ ag‘;a%n'.

B Membrane Filter5 and Absorbent .
Pads . ' .

1 The dedired propérties of membrane

filters have been discussed elgewhere.
Typical examples, commercially -
available include:

. ’ ~
' a Millipore Filters, Type HA, “g;zie,
grid-marked; 47 mm in diameter
. ® b- S & S Type B-9, white, black-grid
. mark, 47 mm diameter
FIG. 5. o
\ . * . * \
PLATE 2 7/ : , : .
o . . LS . 3
} - .- 90 ‘
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¢ Oxoid cellulose acetate membrane " Almést any form of culture container
-filters, 4.7 cm, grid-marked is acceptable if it is made of impervious
i 5 ' bacteriologically inert material. The f
. 2 An absorbent pad for nutrxent isa culture contginer should, or course, be ° -
paper filter disk, us y th¢ same large enough to permit the membrane
-diameter; as the membrah€ filter. filters to lie perfectly flat. The following 5
. . ' Absorbent pads must be, free of are widely used;’ : ' -
soluble chemical substances which ) ) -
. could interfere with bacterial . .1 Glass petri dishes ' e T
growth. They should bée of such ) .
- - % . -~ - ~ -thickness that t#&y-will-retain 1.8 - - - Conventional borosilicate.glass.culture . . - =
! 2+ 2 ml of liquid culture medium. dishes are wjdely used in laboratory
During incubation of cultures on . .applications of , membrane filters. For
membrane filters an absorbent pad . routine work, 60 mm X 15 mm petri
saturated with liquid culture medium dishes are recommended. The common R
is the substrate for each filter. - 100 mm X 15 mm petri dishes are -
- Absorbent pads are supplied with acceptable, but are s&;‘]ect\io dlffxcultxes

the purchase of membrane filters, .
Addjtional absorbent pad§ may be

. " -purchased separately. Sterilization w

. in an aftoclave is recommengded for

v

absorbegt pads.

’0.‘ .~
. C Vaguum .

. .
) Water can be filtered through a fembrane
. filter by gravity alone, but the-filtration
rate would be too slow to be practical, -
For routine laboratory practice, two HYDRATOR
convenient methods are available for . "
obtaining vactum to hasten sample filtration, . . -
1 Angelectric vacuum pump may be used . -
connected to a filtration apparatus ) N\
) mounted in a suction flask. The pump -
. . need not be a high-efficiency type. For
-~ prosection of the pump, a water trap ..
' should be included in the system,

between the filtration apparatus and .
the vacium _pump. i ) .

2 A water pump, the so-called "aspirator"
{ gives a satisfactory vacuum, provided

SUITABLE TYPES OF FORCEPS
there is regsonably high water pressure

‘ ¢ " ALCOMOL AR
. 3 In emergency, a rubber suction bulb, a WITH .
' hand pump, or a syringe, mayBé used FORCEPS

for va¢tim, It will be necessary to .’ . GLASS °  PLASTIC .

- include some form of valve system to * TYPES OF CULTURE CONTAINERS
prevent return flow of-air. ) .
' D Cylture Containerd (Plate 3 " -
. —; . : ' - @ §
Most membrane filfer culturés are . . H - .
in‘cubated in individual containers. ' . « ) PLATE 3 N L
. o ' e .
r * . ‘ - . Lt Ny . R
1 - 4 / . ¥ 9_t - 7 . ’ .
) B L’ v ', N \ . ' N Q ¢
. Q ‘ i : - . ) . ’ N
N . ’ 7 . » -« . - ‘!‘
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- Membrane-Filter Equipment and its Preparation for Laboratory Use
i - i . . - . ‘
. - .. Y . . a - i : .
. ’ - - e . . . ~ R P .
) o 2 Plastié& petri dishes Lo ’ the hench top. Instedid of using a- |
. . R - suction flask, the lower element of .
Plastic containers have been developed o . ¢ -  the filter holding unit has<a dual °
R for yse with membrane filter-cultures. connection with the vacuum source N
. ‘ Their cost is fairly low, and single~ : and with the laboratory drain, A .
. . service use feasible. They cannot he . +solenoid-operated valve is used to e
4 v " heat-sterilized, but are supplied : . determine whether the vacuum system
"o - /7 sterile, They must be frée from I ’ or the drain line is in serjes with .
-~ _ 7 . »< _ solubletoxic-substances. They can ) the filtration unit. 4 -
either be loose-ﬁttmg or of a tight 1id s ) h
‘ to basd friction fit. . L 2 Ring stand with split ring (Optmna.l)

. . . (See Plate 4) . . :
B’ Other Equipment and Supplies Assocmted )
' with Sample’Fﬂtratlon

~

1 Suétm.) glask (Plate 4)

., . ']

-

a ‘Mogst typés of filter holding apparatus
. are fitted in a’ conventional suction
flask for samfile filtration, While

. ., other sizes may be used, the 1-liter

’ © ,size is. most satisfactory. .

. b The suction flaskegan be connected .
} to the vacuum facility with thick- .
- wwvalled rubber tubing. Latex rubber,
tubing,” 3/16" inside diameter, with’
wall thickness 3/32", is suggested.

SUCTION FLASK RING STAND WITH SPLIT RING

T This tubing does not collapse usder ‘ o S i
Ty vacuém,*ayet it is read11y closed with é i -
* . + " aspinch clamp . ’ -PLATE 4 -

c A pmch clamp on the rubber tubmg
is a convenient means of cutrtmg off ‘/ Wﬂen the filter holding unit ua
the ‘vacuum.fgom the sugtion flask disassembled after sample filtration,

. _ during intervals when samples are the worker's 'hands.must be free to
: i ' not actually being filtered., Itis *+ - .~ manipulate the membrdne filter, - -
B * mosy convenient to have the vacuum Upon disassembly of the filter holding -
. v facjlity irr continuous operatlon durmg unit, many workers place the funnel '
- o L4 sample filtration work, 4 -, element, inverted, on the laboratory , .
W " {/y : ' - bench. Some workers, “to prevent s
C d In laboratorfes conducting a high )V - . bacterial contamination, prefer a rack .
} "volume of filtration work, the o . or a support to keep &e funnel element ¢
+» suction flask may be dispensed. from any possible source of contam- .
. o s, Filter-holding manifolds are available _ - ination, A split ring on a ring stand isr .
; to receive up to three filtration units. v a convenient rack for this purpese. |, ° . ,
&"\7& b oof The filtrate water is collectedina | . o :
¥ trap (in sePies with the vacuum # 3 Graduated cylinders —]
L . a3 source)‘ which is periodically, emptieds
/ o I . In laboratory practice, .100 m1 graduat‘;d
p ‘e Another arrangement can be made borosilicate glass cyfinders are :
ve T . for dlspensing with the stiction flask. . . satisfactory for measurement of .
. Igﬁg(this case,, the receptac1e>e1ement Lo samples greater than 20 ml, .
3 ‘ of the filtration ‘unit is mounted in . .« :
= . , A4 . ' . ,
. ) ' . ' v _ . o __ : J— _
*“EN,C ! o co "“',I ‘ t 7 ”92 » ' ‘e yod - -

Ao provies v v I ' - N - - g
o /! g . v ~ . . .
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4 ,}?ipettes and cans
a &raduated Mohr pipettes aréneeded
r many p.rocedures, such as

measurement of small samples, and
for preparmg and dispensing culture
medla Pipettes shouldbe available .
*in ¥ ml and 10 ml sizes, . ¢

b Holding cans may be round or' square
but must not be made-of T:opper
Alummum or stainless steel are
acceptable

4
’

“5 “AIcQh6l jar with forceps.(Plate 3)

a ‘All manipulation of 'membrane filters
is with sterile forceps. For steri- =
l‘iza}.tion, forceps are kept with their
tipé immersed in ethanol or methanol.
When forceps are to be used, they

D v ¢ \ * ' ‘. . . - _-‘
Membrane Filter Equipment and iis Preparation for Taboratory Usé

F I;lcu’i)aéion Fa,cilities_ .,
1 Requ1rements

a Temperature

- - -methodfor cultivating the bacteria -

S

v . 4 .
For cultivation of a:given kind of
bacteria, the same temperature

requ1rements apply with membrane

filter methods as with any other

-

.

in question. For example, incux.
bation temperature for coliform.
tests on membrang filters should
be 350C + 0.50C.

D

-~
-

e —

.
)

Humidity 0

Membrane filter cultures must be’
incubated in an atmosphere mairi-
tained at'or very'near to 100%
relative humidity. Failure to -

- arée removed from the container and - ~ maintain high humidity during
. the alcohol is. burned off. 4 incpbation results in growth failure,
. . . or at best, in.small or poorly
, b Forceps may be straight or curved. differentiated colonies, .
They should be designed.to permit ’ - . . ~—— .
‘easy handlmg of filters without ¢ .2 The temperature and humidity réquire-. g
D £} damage.’ Some forceps havegeorru- . ments can be satisfied in any of . .
"gations on their gripping tips. It is several types of equlpment
recommended that suéh corrugations ' - .
- be filed off for membrane f11ter work, a A conventlonal mc‘ubator may be
- v used. With large walk-in
6 A gas burner or a1cohol burner is needed * incubators, it is extremely diffieult '
3« 1o ignite the a1cohol prior to use of to maintain satisfactory humidity.
\ forceps. 4 With most conventional incubators,
, ot . membrane filter cultures can be K
i Dilution water « »incubated in tightly closed con-
: <+ tajners, such as plastic petri dishe’s. .
R <» o The buffered distilled water described, |, In such containers, required o
y in "Standard Methads for the Examination ~hurhidity conditions dre established .
S - of Water and Wastewater™ for bacterio- - -with évaporation of Sonie of the -
- I6gical examination of water is used ™ culture medium. -Becausé the
o memtbrane filter methods. Dilution - volume of air m'amlghtly closed g
a " Water is conveniently used in 99 +2ml ™ °® contdiner is small, thi§ results in
N amounts stored in stargard dilutiofi. - - neg]iglble change' in tite cultures T
- Bottles,  Some workers-prefer-to-use— ‘o medidi, - If_glase petxi dishes ar by
9 0 ,. 0.2 ml dilution b1a.nks - other-‘léosely fztting eotfajriers are
( . . “used, the containers shoixld be W 7
-8 Culture medium placed in a tightly close,dkcontau@r,
N -, > - e ‘/ : with wet paper\or cloth fnsidesto - -
' Bacterlologleal culture med1a used w:v.th . k /obtaimn the requirea“humachty?con-
' » fmembrane filter techmques are dis~ "dftions. A vegetable crisper, such ce
- B cussed @t length in another partrof %s as used in most home refrigerators, :
o manual, O L .,
. Fy v e e e T
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- o . . Membrane Filter Equipment and its Preparation for Laboratory Use w
_ ““ o T . - . - . . R ' a
) is useful for the pu;poée. (See . . , autoclave, release the steam .
. g Plate 3} . - . pressure rapidly, to elcourage
. e .7 ‘ % drying of the filter holding unit,” 7
* b A coyered water bath maintaining® - ., Y
. .44, 5°C+ 0. 2°C is necessary-for < b The unit may be sterilized by - { N
thefecal cohf&rm test 4nd this . holding it 30 minutes in a flowing
- will’ necessitate. the use of 5 - steanr sterilizer. oo
‘a watertbath having forcéd- o . e L —
- v ‘circulation of water. - i e ¢ 'The unit may be immersed 2to 10 ¢ *
et T T e - ' . _ minutes in'boiling water,  This- ' -
' method is recommended for * 1
N emergency or field use, .
II STERILIZATION OF MEMBRANE FILTER d Some units (Millipore Stamless Umt)
°  EQUIPMENT AND SUPPLIES - —— — are available with-aceessoriesper— ——
” : . v . ) . . mitting anhydrous sterilization with . . 7,
A Filter Holding Unit ~ formaldehyde. The méthod consists
) : . * of jntroduction of methanol into a .
1 ‘When is sferilizatibf; necessary? 5 . ' w1ck Qr porous plate in the sterili-
° - , ' - zation accessory, assembly of the
a, The filter holding unit should be . . filter holdu!g unit for formaldehyde
sterile at the beginning of each sterlhzatlon ignition of the |
o - , THtration series. A filtration series : méthanol, and closure of the unit.
. ’ is popsuierea to be mt‘errupted it : The methanol is incompletely
} there is An interval of 30 minutes . ° oxidized in the closed container;
s , . or longer between sample filtrations. . resulting in the generation of . 7T
A - . - After such interruption any furthem~ formaldehyde, which is bactericidal.
“ samplé f11tra'o1on ig {reated as a . ©  The {ilter holding unit is kept closed
new filtration ser1es and r'equ1res R for at least 15 minutes before use. !
. o ! ¢ . a.Sterlle f11ter holding uritt, . N ' by L
}; o : C B e.uUltr%violet lamp sterilizers are :
’ - b It is not necessary to sterilize the . convenient to usey A device now
P % filter holding unit between successive - commercially available for ultra- |, - )
i . * filtrations, or between successive , ~ violet sterilization of membrane S
@ . samples, “of a filtration series. , _ filter.funnel units. . .
' L " After each filtration the funnel walls - B Sterlhzatlon of Mempranq Filters, and - .
. are flushed with sterile water to- Absorbent Pads . - A
free them of bacterial contamination, ° . . , T
s " If properly done, the flushing pro- " " -1 Membrane fqlte‘r*s whooo oo
e »cedure will remove bacterl.a. . . .o : ..° : o o .~
remaining on the funnel walls and - . a Membranes g §upp11ed in umts -
. prevent contamination of later ., L s ¥ of 10in kraf’pﬂvelopes, orin
: samples. L e A J . packages of Y00 membranes. They .
T o~ v ‘\ A may be sterilized cenvemently in
. 2 Methods® fon[steplhrzatlon of f].lter - g ' ‘the packets of 10, but shouldye ™ .
holdmg 1m11.~"*’ oo & s-- - -——repackaged-if- supplied in-units- Y S —
. . o ‘ - . 100, Large packages of filters can e
T ra Stérlhzatlon in the autoclave is , ., be dlstrlbuted in standard 100 mm
o, . - preferred, Wrap the funnel and . - ><,15 mm petri dishes, or they can '
DR “recgeptacle separately in Kraft paper ,> +  bewrapped in kraft paper packets
o el and sterilize irr the autoclave 15 l for stenhZatlon
: mindtes at 1210C, At the end of t Y, . T
S 7the_1§~g13.>nutes holding periodiih the. . h [( [o— B

Q , I ‘ . . 91 _ ‘ ,
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Membrane Filter Equipment and its Pre@ration for Laboratory Use

,\r.

1

exhaust the,steam pressure rapidly
.and vent the containers momentarily.
. +This allows the _vapor to leave the can
and prevents wet p1pettes. .

b Sterilization in the autoclaye is
preferred. Ten minutes at.1210C

or, preferably, at 1160C iy

recommended, After bferilization

the steam‘pressure is releasedas -~ .

rapidly as possible, and the filters D ~Gulture:Containers

_*ard removed from the autoélave and

: ¥

-dried at room temperature, Avoid. . 1 Glass petri dishes L . -2
excessive exposure to steam. ' & ? )
) a Petri'dishes nay be sterlhzed in
" ¢ In emergency, membrane f11ters may,‘ < V‘aluminum or stamless°stee1 cans,
o be sterilized by immersion ‘in boiling ’ or wrapped in kraft paper or metal
_* distilled water for 10 minutes. The *» foil, They can be wrapped
. filters should first be separated from , individually. or, more conveniently, -
. absorbent pads and paper separators e in rolls¥of1 up to 10 dishes.
which usually are included in the. - oo .
package.” The boiling water method - b Preférably, sterilize glass petri 7
isnot recommended for general ® dishes at 1700 C for at least'l hour,
practice, as the membranes tend ta . <o .
adhere to each other‘and must be . c Alternatel)i, they may be sterilized
separated from onge another w1th. A “4n the autoclave, 15 minutes at

. forceps. - * °, . 15100 After -sterilization steam,

- . ’ . ‘ : pressure should be released rapidly
2 Absorbent pads’ for nutrient ¢ to facilitate drymg of the dishes. , .
’ . . Other suggested methods for .»

a Unsterile absorbent pads can he, ) . «sterilization of plas'tm dishes: + ..
wrapped in kraft paper or’stackeg et ‘ include exposure to ethylene o%ide
loosely in petri dishes, and autp- - vapor (0.5 ml ethylene oxide per-.

. " claved with membrane filters (ten - .\, liter of container volume), or: , *
> minutes or longér at; 12 10Cor, 1160C) a i "”afposure to ultraviolet light. ‘
O - ' Ethylene oxide is a dangerous )
b After s{\arlhzatlon'\bsorbent pads , chemical béing both'toxic and
_* for putrient should be dried before s . explosive, andu.t shotld bezused .
“‘use. . L -~ . ronly when more convenient-and _
. _'\" . ‘ ot .t . safer methods are not\e.vaﬂable
* C Glassward, ° "aala AL i o, . cooo,
:" TS A AU SOAS ﬂf]astie cu},ture contaihers . s -
R Ster111.zatxbn at 1790 T for.not less&ha.néz e o -
+ I hour is préferred ‘fdr xtxost‘glasswar‘e " *a 'Because.of the thermo-labile ° °
, (p?petgyes gra;duatedpcylrnders,. glass . -, - charagterlstlcs of the plastic,
A -petrudlshesé; ‘Piyg es}’can be ster:,hzéd T these dontdiners cannd‘h,e heat :-'
. in alummum or stafnle¥s stéel , or . ,,;h ~ sterlhzed Manuf?.cturers supply.\
» - sthey may be wrapped individually m . “.o - .these m,aa.sterlle .c?ndltlon &g
, . ! Dpaper. The opening of g%éduated T At "& Y . ,,“

7. besterilizedat 1706C,"as the ribber % ¢ ~+"eghanol in water, Tor-ay leadt 30. JOA
will be gamaged et g T _ = * . n'rﬁnutes *D;.shes must be allowed - -
S "¢/, *’fo drainand dry befdre use, as
2 Ster hzatlon ih the autoclave, 15 . ) o - ethano]ﬁvﬂ!. influence the perform- "
. es-at 131QC, is satisfactory, ..U Ance’of Sulture media. . .
’ and preferred by ?‘nan“y workers. When ‘"  Thiswitline was prepared by H. L. Jeter, .
. sterllizing‘plpettes it is important to * “ Chigf, Program Support Tra1n1,ng Branch,
) PEs . .~ . USEPA’ f:mcmnan, Chio . 45268 - ) * -
. Tt . e 9?— KX ‘a 0 .
- o Des’cr‘ipfors- Laboratory Facilities, k. 5
]:KC@ i , .t i ( ', - Bactericlogy, Microbiology, Enteric. - N
v o e v Bacteria, Fllters, Membrane N cao

a

cyhnders should be"covered with paper '.,V, ' - b For pract al purposes %}asﬁ.c
or metal fojl prior to sterilizatiop, - P - hes, may be’ rstex:i’lﬁed

Glassware with’rubber fittnfgs musm& Yo s mmérsich in g 70%* sblut of° z,.‘ L wsed
r »
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‘@ ; . . ME MBRA NE FILT_ER'EQ_UIPMENT FOR FIELD USE / ot T N
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I INTRODUCTION . z . : W The purpose‘of this discussion is to

One of the:most troublesome problems in(e
bacterial water analysis is"the occurrenc

of changés in the bacterial flora of water

i« .. .samples between thé time- o!'»sample collectior:

°

noteworthy featares:of each. Actyued .
_practiee and experience with these uhits

.. andthe time the actual bacterial analysis is - zg‘c"’;aly;g”“g pomt and Weaknesses in
.  started. Numerous studies havegpeen made - ’ ) DoV - .

" * .on this problem. From these have come such, -, pe membrane filter method Has been’ .
)\ggommendatmns (Standard Methods, i0th ed) . accepted by the Federal Govertment for"
as hblding the sample at 0- 10° C and starting the bacteriological examination of water

_‘laboratory.tests as;soan as possjble after ° . under its jurisdiction. This acceptance
cellection of the samplé. Recommendations of was based on methgds develbped and
Standard Methods, 12th Edition, wes to hold “ ' procedures applied in fixed Taboratories,

-no’specialsonckssion had been made
regarding the stindards of perforthance’
of mémbrane filter field kits. s Thus; in

ature of the-sodrre and to start the labétat
. tests preferably within 1 hour and always

introduee some of the portable equipment
which has been developed and to point out

the samplg as close as-posgible to.the tem:%ré; While the use tg Liieid htz is. not excluded;

in"a maximum of 30 hours after £olléction, . p1annmg to use a membrane filter field » e
." Changes in'the #3th edition of Standard Meth- - Y kit for the bacterlologmai exam—inatmn of . =
- ~ ,0ds (1 1) will again call for the icing of j .watéf", it is thée re%ponsibﬁity of the . ,
¥ * . samples, and further, that.samples ofenviry . individual Iaboratory.té éstablish-beyond . .
: mental waters be held for not more than 8 * reasonable doubt, by comparison withf RS
sonmen e oS afe - , Standard éthods fermentation tube tests e
: hours fotal elapsed time hefore samples‘ate - "or espablished laboratory miembrage  >:.- ¥
C plated or used far r‘mcrob,lologmal testing. . filter rethads, the. valie &f ug Qf the .
. w4 ;'rh% 3g hour ma,x1mum elapsed samiple hqiﬁimg L membrane filter f1ela kit in ¢ ng oo b
T . t1me w.liL still be 'redamed”’for potable'water. ~ .* the sanitary quality of Water\supph,es A -
*. —-.a!hpleé ‘:', to ie - ! ?:f ot sxamIned’ "t s ° . B ° “ '6‘. -
- 3" ) p,ﬁ .,..a‘:; .c'\,ﬁ. < Yoot (-" 8@. 9y ‘@ C s - S .
LI R :’ '.‘0 . t.', '\‘ .- v ‘;’,0 P ey N
c g e gl o« i Tyﬁs COMMERCIALLY AMATLABLE, .* "
I , A Fﬁy \wuld be u‘netﬁl in certain goutine MEMBR FII:TER EQUIPMENT FOPt
" watep qua‘hty control operations, . Examples FIELD USE ) .
s inciude such places as on,board ships; * .
°, » ° sopye airlings, particulaffly in overseas A Sabro Water Laboratory
LS Y operauons. and some national parks, In- . L
ke 3 -each example, it isseen that thereisan < i This unif represents a fixed membrane .
Y -.obvioys difficulty in getting water samples, ~  filler laboratory in m1mature. witk |
.. -+ 8tothe-examining 1aboratory in time for "y -adaptations for special situations to be
. a%ly examination.” . , <~ encountered in the field.. Notable features.\ .
Ry
. s - B Inaddition, such ainits would be invaluable . = 1 "The funnel unit supplied on old¥ gnits | 3
in emergencies when mstmg laboratories_ S .is’glass. A newer model has kn - . -
are overburdened or i; noperative. » Portable * . released Wlth an-all—metal funnel unit o
> kits already have proven extremely helpful ' . =
o> " in testing many small.water supplies in a ‘2 'The vacuiim source is a hand pump °*
., shor_t period of t1me. Further there is a -, (mddified b1cyc1e pump) or, @tiopally, b
N predictable need for such equipment in the - . an all~-metal syriglge. i
' . vevent of-a wartime. civil defense 'disaster. S A -« -
. Experience of the Gérmans in'the vicinity 3 The manufacturer gells_ prepared ) <
S of Hambuyg during World War I lends Sl ampouled, medium, in a liquid state.; .
: sfipport to this concept. b * ' - The medium should be l:epf, at a ¢obl O
— - . ’ - - R o s o - -
. RN . - . N R . .
ST Re : .'_, . L . R e . . T e i
P NOTE" \/1ent10u of commerc1al products and mnnnfaoturers does not 1mp1y endorsement by the o
Federal-Water Pollution Control Adminiﬂtration s \ . N N f .
EKCW BA mem.63g 811 ) ‘ T i R \ T : 8uy >
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Mimbrane Filter Equipment for Field Use
T .. T .
y ‘ ~ )

¥
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'temperature, out of the light. Iis
- useful shelf life is uncertain, but
limited tests by this agency indicate ,
thatthe mediuni‘performs accept- *
i, ablywith storage up to one year. r

Incdbation of the cultures is in an
incubator drawer having*a capacity
of 18 1-ounce culture containers,. or ,
- 36 plastic containers, and operates
« ., electrically at 110V, and.with suit- -
. " y able converters, at 6V, 12v, A .
battéry also can be used.with this « . ,
* unit. - " -

Sterilization of the funnel unit {s
! carried out by a ""light flaming
technique' or, optidhally, by
immersion of the funnel unit in .
hot or boiling water.

LY
T C

P

° ‘ ® b4 .. °
6 Useful accessories provided include
thermometer, alcollél lamp, measur-

ing cup, an/d_,{é’r;geﬁ;
. s O HEERN
B Millipore Field Monitor Units

L e

¥

r These units differ radiéally from any, .
- _other field equipment that has appeared. ,
" Significant reductiofs in bulk’of equip~
ment have been brought about through -, ¢
) major changes in function and design of %
&the usual equipment. .Although not re=" -
- commended for valid data due to
differences in quantitation whef compared .., i
tostandard tést‘;;rocedures, the unit is
useful for rapid field testing to establish, < -
v},b; "Iball park" fiqures for latef"testing with .
oy approved test pf‘ocedures. Notable) features:

- 1 The fanngl unit has been eliminated in
+ 7 its usualformi. This has been doné by. *
‘development of a carefully fitted, single-

' use combination filtration unit and cylture
contairer.! This feature eliminates most *
of the handling and use of accessory
equipment, - . N

. « " ol
2 'The vacultim source is aniall metal syringe
with a fitting providing for direct cohnec-

. tion to the cylture contdiner.

A

C

The culture medium provided by the manu-

facturer -includes M-Endo Broth, MF, ready-

to-use, in g}aég ampoules. These ampoules

are so designed-as to permit easy introduc<.
- tion of the culture medium into the culture

'

‘container, Alternately,. the manufacturer
* make# available a delay®d-incubation
medium in the ampoules. Other culture
media can be used at the discretion of the
' user, but some difficulty can be anticipated
in introducing the medium without special
equipment, PO

[

4 Incubation of the cultures is pr:ovidet_:l in the
field through use of an associated portable
incubator and equipment carrying kit. Thigm
incubator has room for about 25 cultures,
It'is electrically operated, and through

. selection of dvailable switching positions, .
operates at 6V, .12V, 110V, or at 220V. o
. [

.

'5 Sterilization of components in the field is
unnecessary. The cultur€ containers and

plastic tubes are single-use units supplied

in a sterile condition. Samples do not c'orge

in contactwith the syringe until after theg. *
have passed through the filter.

Millipore Field Unit for Military Use

1 A modifjed Millipore field unit based on the

. case and incubator described in B, 4 above,
gageen ddopted by the U.S. Department
of -Defense. This unit includes a miniaturized
stainless metal funnel unit instead of the
Monitors. . .

The vacuum source is an all-rhetal syringe.

3 Sterilization of funhel unit is by formaldehyde
generated through incomplete combustion-of
methyl alcohol.

] s

- » -~

COMMON DIFFICULTIES ENCOUNTERED IN
COMMERCIAT.LY AVAILABLE FIELD
EQUIPMENT -

‘e S . . .

. T'he mogst conspicuous problem arising with field

use of most units is their ultimate reliance un a
fixed laboratory for essential supplies.

B These portable laboratories will ermit”s.'imuita-

,neous incubation of up to 30 membrane filters.

For protracted field work, g fairly large amount
of reserve supplies and equipment will be, neces-
saty, Such a reserve would include culture media,
membrane filters, culiure container’s, fuel, and
other expendable supplies required in the field,
organized in a supplementary carrying case.

D No currently available.field unit provides illumi-

natfon or optical assistance for interpretation
~f results, / .

- »
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Membx:ane Filter Equipment for Field Use

A7

E Some of the sterilization mlethod§___‘f

recommended by manufacturers are
unacceptable, If field stérilization in -
Jboiling water is needed, then there must
be a heat source and a metal cart or beaker,
Such equipment could be carried in the
—case suggested in C abdve, ,

-

<

1V IMPROVISED FIELD EQUIPMENT __

, . b

The initial cost.of most of the commercially
manufactured units has met some objection
This factor, coupled with need for additional
dccessory supplies and equipment, * has
aroused interest in improvised units. Such

a unit could consist largely of equipment
normally used in a fixed laboratory, packagec
in one or two fiberboard cases,

A The funpel unit could be one of the
familiar stainless steel units used in
. many laboratories; or it could be spec1a11»
‘designed, smaller than ordinarily used,’
permitting use of up to a dozen or more
upper filter holding elements in the field.

The vacuum source could be the modified
bicycle pump, (leathers reversed), and
provided with a by-pass valve, The suction
flask could be the standard side-arm glass .
flask, or a'metal unit could be devised,

M~-Endo Broth or LES Endo agar are
suitable media, Both are available as
dehydrated medium which must be .
reconstituted and boiled in the field.
M-Endo Broth MF is now available in
liquid form, sterile,.in sealed ampules, *
‘A shelf life of approximately one year is
stated when sfored under moderate
temperatures in the dark.

LES MF Holding Medium = Coliform
requires merely dissolving in distilled
water. No heating is necessary.” Such
‘medium would be arr advantage where
appnr ‘H'Ie. N

i

’

’

aduated
cylinders, media, ete. , woul%rbe through

" immersion in boiling water for 2 minutes
or longer, as indicated for the material

-
*

being sterilized., Provision for boiling’
water is easy through use of a small camp
stove or other' simple burner, N

Improvised equipment, such as discussed

above, would have great usefulness in

emergencies, where commercially available

membrane filter field units are not on hand.
N 1

V In a separate_outline are detailed
descriptions of procedures for use of
commercially available membrane filter
field equipment., In some cases the
suggested methods are different from'
those recommended by the manufacturers,
In each case such-departures are based
on a series of experimentdl stiidies made

by this agency, whish suggested need
for modification of&existing recommend-
ations.

rd 3

(.
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— PRINCIPLES OF CULTURE MEDIA FOR USE WITH MEMBRANE FILTERS , e
‘e ’ .
1 INTRODUCTION S There is evidence that improved cul- T
. . e ' . * tural results sometimes are obtained
A Many kinds of mtembrane filter media with increased concentration of certain
N have been describéd for use in bacterio- nutritive constituents of membrane filter .
+ ¥dgical tests on water. This is noteworthy culture media. - - -
. ip view of the relatively few-years-the- . . '

filtei's have been widely available ifi this' * - ) 4 Pure cultures may be recovered

chur try. This discussion is to consider . . from membrane filters and subject-

several of these media in terms of their , - edto supplementary biochemical,

L purposes, composition, angd the waysin—— . . * cultural, and serological proceduresa ~
- which they are used. L for identification studies or for veri- -
: 2 . T, _ fication of interpretations based on ..
B Basic Considerations : . direct observation of membrane'
. . . s filter cultures,

1 Filtration of watqr sample through a ’ . .
membrane.filter results in deposition ) The same use canbe made of agarplat- .
of.bacteria and particles of suspended "' , ‘ ingmedia; howeverthe'membrane filter

, matter on the filter surface. The . offefs advantages due tothe ability to
. - bacteria can be cultivated in place if cohcentrate organisms from'alarge
- suitable culture medium is made ava11- volume of sample in whichthe organ-
oo _ able for their growth. . isms é.represent in/low density. 3
- "2 The bacteria are cultivated by placing .
. the membrane on a pad of absorbent ’ N, - L .
paper saturated with liquid culturg c Appl:10ations of Membrane Filfer C'-ll‘w—_l A
’ medium, or on'an agar medium. The Media Co CLe h
. culture medium diffuses through the L . -
. . pores of thefilter, and is available to The composition .of bacteriological culture

* media designed for tube or plate cultures
should be subjected to critical study e~
fore they are applied to membrane filter
procedures.” Media based on well-known
bacterial cell multiplies to become ay bacteriolegical media have been modified .

" single bacterial colony. — - . for use with membrane filters for the

. A ' following purposes in testing water.

the bacteria on the epposite surface.
. Proper time, temperature, and humidity
of incubation results in deyelopment of
- . bacterialcolonies. In principle, each

3 Some cult media satlsfaéto for .
. cu ture » Ty ' 1 Bacterial plate counts

. tube cultures or agar plate cultures, o . ' e .-
-* do not perform well’when .used with :
' membrane filters_due tq a selective 2 Maedia for bacterial indicators of
pollution .

adsorptwe property of the filter itself.

-} - Inthe process of diffusion through the
e pores some components of the culture - KN & Coliform organisms _
medium may be removed _completely, > I —
SO . or reduced in ¢oncentration. Thus, the . b Fecal strentoeocbus group
composition of a given culture medium . )
.at the filter surface where it is avail- ., C Clostridium perfringens

* ablé for bacterial growth -may be dif-
ferent from its compos)i/tion beneaththe -
membrane filter. -

3 Salmqnella and other enteric bacterial
b pathogens

-
. -

NOTE: Mention of cétithercial product® and manufacturers does not imply endorsement by
. the FWPCA and the U S. Department of fhe,wlnte
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Principles of -Culture Media

J

~
.

0

D Constituents of Membrane Filter Culture
“Media ‘
L e
tion and counting of special groups “of
hacteria are based on the same principles
wsed in differential agar plate media. Thus,
the components of a differential medium
ior membrane filter cultures include:
A\
Substances favoring growth of the
organisms for which the medium is
designed. Inclusion of special peptones,
fermentable carbohydrates, yeast or °
meat extracts, water and chemicals td
adJust pH to a desired level are common
methods of favoring growth of desired
’ orgamqmb. .o

' -~ Differential indicator system. Thé
purpose of the indicator system is to
produce characteristic colonies of the
desired bacterial groups for easy
recognition when present in a mixture
with extraneous types of colonies. This
is done through inclusion of (a), a com-
ponent‘ which is chemically changed by
the organisms to be differentiated, and
(b), indigator substances, which giye
visible xdence of an intermediate or
- end product resulting from a chemical
change of substance (a).

-

[{V]

Selective inhibitors., Some bacterial
group-.-, to be tested may be over-
whelmingly outnumbered by extraneous
* types.of bacteria. In such cases, it {s
necessary that substancesbe-included ir
the medium which (a), prevent growth *
of a maximum number of kinds of ex-
traneous bacteria, and (b), have mini~
mum adverse affect on growth of the

(o

R - :
. - kind of bacteria for which the medium -
is designed. .
. E Variety of Methods of Using Media Avail-"
T able with-Membrane Filter-Methods
\ 1 Single-stage tests -

- After sample filtrdtion, the membrane
filter is placed on a designated culture
medium, and left there throughout the
incubation period. * The ctilture results

rare examined-and-interpreted directly.

<8

Membrane filtet media for the dlfferentia- .

¢

.

2 Mu'lti-:stage tests

- A membrare filter can be transferred’
from one culture medium to another
without disturbance of bacteria or
colonies on the kfllter. This is unique
with membrane filter methods, and
lends itself to a variety of cultural and
testmg procedures. / .
R A \

a 'The membrane filter, afteT @ample

. filtration, can be incubated for a
specified time on one mediuf, then
transfered to a second medium. The
method permits initiation of growth
on enrchment medium, after whieh ’
the membrane filter can be trang
ferred to a less productive medium.
. With growth already begun, some
differential qulture média give better’
quantitative production than would
be the case without:preliminary
incubation. ) }
After incubation on one or more -+
media, colonies on the membywane
filter can be subjected to bio-
chemical tests with reagents-too
toxic to inclugde irf the cultur®
medium, Such reagents may be .
flooded over the growth on the
filter, or the filter may be pladed |
on an absorbent pad saturated with
the reagent, m order to male such
tests. ! N

t

-
.

°

.
-

A third type of multi-stage test is, -
one in which the membrane filter,
after sample filtration, is .,placed
temporarily on a medium containing

o a bacteriostatic agent. .In the
preséncefof guch a substance,

bacterial growth is-inhibited or
slowed greatly, but the orgémsms
are not killed, During a limited. -
period, the membrane filters may

“be“transported-or stored at'dmbient ’

temperatures. Tlhe filter ‘can be !
stransferred later to a sitable

. smedium and incubated for, develop-
ment of coiohieé

S

-
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CULTURE MEDIA FOR TOTAL BACTE-
RIAL COUNTS ON MEMBRANE FILTERS

!
A Concepts

. L .
Strictly, 4 "total" bacterialicount
medium is noncxistent. ingle
medium and incubation proce?durc can
provide simultancously the fu]ll range
of oxygen rcquirements, nceds for ’
spcclal growth substances, pH require- -
ments, &, i)f all the kinds of bacteria
founa in wat?r “

1

&-tually, "total” l&:é(:te'rial- ¢ounts are
counts of the bacteria developing visible |
colonics on a defined gulturc medium

at a known pll after incubation for a

set time and tempcr'xturo under acrobic
conditions.-

[~

Within the foregoing limitations, the
fdllowing criteria offer a usceful basis
for selection of membran‘c filter media
to be used for cstimates of the bactc rial
density in watcr.

‘a The medium and its méthod of use
-should producv a max1mum number
of ‘colonics from all types of water, ’
The colony yield . hodld.compare
favorably with the bacterial counts
determined as described in "Stand-
ard Methods for the Examination of .
Water, Sewage and Industrial °
Wastes, " 13th Ed, (1971)

s

. ».
b The colonies should develop rapidly
loa sufficjent size to be counted
after a minimum incubation pemod
____At present, best results with mem+ "
brane fxlter er methods are obtained— —— .-
after about 18 hours incubati[on. *

7

¢ The me;dium sPlould be one which is
reproducible and routinely availgble
in laboratories, .

-—\

B Compos;.tion of Total Count ‘Media for
Memberane Filters

. Almost any rich, general growth promoting
culture medium is acceptable for total bac-
terial counts on membrane filters, Several

r
|
S
‘v

, !
» such mudia have been suggested especially -~
for membranc filter methods, Thesce differ
" only in minor aspccts, and can be discuss-
cd as a group. For details of composition
and specific applications of cach, see the
media formulations elsewhere in this
- “nual,

<

3
-

Growthpromotlng substances: All the
substances 1nciudcd in these media are
.included to ([ﬁcoux age growth of a maxi-
mum number' of kinds of bacteria. Most
workers agrce that the peptone should bc
used in twice the concentration usually
found An conventional tube or agar‘plat-
ing n;x.dia.

Ind;(.ator substanvcs arc unnecessary

with total count media. -
¥

Sﬁbstanccs for tdx sclective inhibition
f certain bacte_ rial groups arc not 1n-

,cll}dpd in total count media.

ey
'

.

}«4 B

Problcms anountcrcd w1th

. I\'ft.dla

léacterlal colonial growth habits on mem-
ranc filters are similar to their surface
growth habits on similar agar plate media.  __

Tetal Count

¢ .

‘;' 1 As with agar plate media, some species
il ' of bacteria graw continuously, spreau-
' ' ing over the surface of a membrane
filter, tepding to obscure nonspreading
‘colonies which°otherwise ‘could be,
tounted. i
. . R
Some samples contain an appreciable,
amount of particulate matter. In sam- _
__ple filtration, this is deposited on the
" surface of the menmrbrane-filter with the.
bacteria, When the culture medium -
“diffuses through the filter, a caj;'illary
film of liquid culture medium.agtumu-~
" lates around the partlcles of e}?traneous
matter, Bacteria not ordmar; y ¢ong,
sidered ' spreaders sometim¢ s develop -
confluent colomes due to the f11m of.
hqu1d medium 2 accumulating around- suohf‘_‘
particles..

s

a
<

.

j‘
X
b
Mk
]

i
.
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Y A




e as

Principles of Culture Media .

D What is the best total count mediuré f&
use with membrane f11ters? :

Because of the relative ease of,,gr;e;;&ratmn,
most workers prefer the commertially
prepared dehydrated media:* Difco M~
Enrichment Broth (B 408) or Balt1more
Biological Lwbovratories' M- Enrichment
.Broth (No. 331) are used ipterchangeably.
Total.coloniy productivity of these media

is equivalent to that of media prepared .,
from the individual components.

’ A
I CULTURE MEDIA FOR TOTAL COLIFORM'
TESTS ON MEMBRANE FILTERS

» ————r

A Concepts™ — ' ‘ ‘

!

.

.

The nature of membrane filter ¢ulture °
" methods imposes a different definition of -*
coliform bacteria than the Standard Mesthods’

definition.
] 1 Standard Methods fermentation tube . .
. Rmet d. "The coliform group includes

bic Gram- negat1ve nonsporeforming

. roda -shaped bacteria which ferment
lactose {i%%h formation within 48
_hours at °C "

2 Membrzne Filter Methods: "In the :
mempbrane filtcr procedure, all organ-
ism$ that produce a colony with
a metallic sheen in+22-24 hours are '
considered members of the coliform

. . group, ’l‘he sheen may appear as‘a,

" small central focus or cover-the
entire colony," The guiding prin-
c1p1e is that any amount of shebn
-is cons1dcre? positive,

,/ 3 The Standard Methods definition of

. coliforms requires demonstration of «_
the ability of ¢érganiems to produce gas
through the fermentation of lactose.
The membrane §ilter method does no?
lend itself to the démonstration of .gas,

« production, It relies instéad on the /
development of a particular type 8t ;

. colony on an Endo type of culture ’ ‘
. . medium, , The culture medium is one

in which lactose, basic fuchsin, and

sadium sulf1te comprise an indicator

system to cause.d1ffe_rent1at1on of .

L e aed

» “all of the aerobic and facultative*anaero-

v

coliform colonies. While the bacterial
groups measured by membrane filter
methods are not identical with the groug
measured by Standard Methods pro-
cedures, they are believed to be es-
sent1a11y the same, and to have egqual
sanitary significance.

B Composition of Coliform Media for
Membrane Filters

Several different media have been suggeét;d ”

for coliform tests on membrane filters.
The components of these media can be
clagsed'into three convenient groups for
general considerations.
~
1 Growth-promoting substances. Growtlh
* of Dacteria on all the media is favored by
the inclusion of such components as
peptones ‘(as Neopeptone, Thiotone Cae)-
. tone, Trypticase, and other proprietar)
peptones), yeast extract, dipotassitm
phosphate (for adjustment of reaction of
the medium), and distilled water. Lac-
tose is included .in all these media. It
" serves doubly, to favor growth of coli-
form bacteria, andas anesséntial compo-
nent of the systems for dxfferentxatmg
coln‘orm colonies.

2 ,Two kinds of differential indicator
-~ . .
systems are available for demonstration
of lactose fermentation on membrane
filters.

e~

a Lactose-basié fuchsm-s\odxum sulfite .

system (Endo type media),
1} Medin-using this system include
lactose and a suitable concentra-~

tion of basic fuchsin which_has been

_ partially decolorized with sodium
. sulfite,

2) The basic fuchsin-sodjum‘sulfite -
complex requires very careful

_ standardization,
"either component results in an
unsatisfactory culture medium,

3) The indicator system demonstrates )

lactose _fe fmentation as follows. ’

An excess of——+

3
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4
Inhibitory substances in membrane

a) The coliform bacteria produce
.. ilter coliform media .

aldehyde as an intermediate ~
product of the fermentation of ,
nfusing and erroneous results in

i lactoge. a
' * coliform detection can he cangsed’by .
* b) The aldehyde is ""complexed" o , .-
. by the sodium sulfite-basic 1) tHe overgrowtn of the memhrane s
fuchsin indicator. In this pro- filter by extraneous nonlactose
. ¢ess a reaction occurs in which fermenting bacteria, preventing
red color is restored to the coliform colonies from developing
‘ basic fuchsin. Colonies of - . the characteristic color'and .
">/ ' bacteria fermenting lactose : sheen; and
assume the color of the re- ' . .
: stored fuchsin. As the restored v 2y the deve10pmept of sheen s
. dye accumutates, it apparently : ) colonies of lactose fermenting .
o * precipitates on the colony, - 2 bacteria which produce acid but ’
v giving the colony a character- not gas in the fermentation of By .
istic green-gold surface sheen. _lactose. . (
The reaction occurs best in an ' . .
) alkaliné medium. The culture b -These, difficulties can he v @ « ., j \
° medium is adjusted to pH 7. 5: ﬁu‘ough incorporating of substdnces

harmiless to coliform bacteria but

( . . -which have inhibitory effect on growth
of ‘extraneous forms. Attention must
be given to the concentration of such ,
substances, as excessive amounts
also will reduce the producthty of

4) Endo type media require very
careful standardization for suc-
) / ' 'cessfu_l use in the laboratory.
’ Most workers prefer to use a
commercially prepared and stan-

’ dardized medium. M=Endo Broth the medium for coliform colonies.
MF is the recommended coliform The following components of various
medium for use with membrane culture media have proven useful in
’ filters. ’ suppressing growth of noncoliform
X - bacteria on membrane filters:
b pH indicator-system : \ . .
X A T, 1) Basic fuchsin-sedium sulfite. Al- )
) 1) Media using this system rely on thoughthese compounds areincluded & |
- detection of pH change due to the - in Endo-type media for their role '
N accumulation’of organic acids, in differentiating coliforms from
- end products of lactose - .- other types of colonies, they are
) fermentation. ‘ Tt effectwe in preventing the growth
. . of many of the. noncoliform bacteria
- 2) Bromcresol purple, for example, . occurring in water samples. .
) - is a pH indicator, -approaching T
yellow at more acid pH. Colon- . 2) Ethanol (95%...NOT denatured) is
. ies fermenting lactose and ac- included in M-Endo Broth MF., In
Qu;nulatmg organic acids there‘- * . ;he concentration nsed,’ et.hanol
f fore turn yellow. , . uppresses growth of 'Some kinds
- i . . of ;lion;:to]élhformlbacferia, fa.n;ihtem‘.ls
. . . ' to lim e colony sjze of others.
- . 3) §tud1es 1n Eggland with membraye . In addition, the. éghatlol seems to . .
filters for toliform tests have . increase the solubility of some of.
been based on-a modification of” N s the other components of the media.

MacConkey's Medium, using this : ,
principle of ¢olony differentiation . - _
in coliform tests. _ N - .. Tt °
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‘ 3) Sodium desoxycholate or bile salts .
* "7 are used in such media as M-Endo
‘ Broth MF, and in the modified
MacConkey's Medium for memhrane
- -filtersusedin Britjshstudies. They
“are included primarily for their in-
hibitory effect against Gram-positive
cocci and spore formers.
\ ‘.

y

C Muthods Available for Using Lot
Media with Membrane Filters

1 Single-stage coliform t'ests_

* a «After sample filtration, the mem=-

’ brane filter is incubated for the
desired time on a selective cohforrr
d1ffe rentiating medium.

b The coliform ‘colonies are counted
. without fupther tests. ~
Y .t . r
¢ M-Endo Broth MF and LES Endo
" Agar Media are alternate standax\lC
single-stage coliform media. -

2 Tw0-_stage coliform tests

a Immediate coliform tést
1y After sample filtration, fhe mem, -
. = brane filter, is incubated 12 2
“howrs on the efirichment medium
sof lauryl tryptoge broth.

s
v 0 ‘ .

2) The memhirane is'then transferro.
toanewa sorbent pad gaturated
with ‘the standard differential

Y medium for coliform bacteria, '
and incubated for 20-22 hours at
35 +.0.5C.

- N .

3y The coliform colonles are cotnted
/4 without further tests.,
4) This test procedure, based on
. . EBHC Endo Mecdium, was descrzbed A
2

Methods. With the 12th edition,

an official two-stage coliform test

has been adopted, based on LES
o ! #+Fndo Agar Medium, A

r

a

3

b
\4
-~

in the, 10th edition of Standard c.

b Delayed infibation coliform tes

1) After sample filtration, ‘the mem-
brane filter is placed on an ah-
sorbent pad saturated with benzo:
ated Endo Mediurh or with LES
"Holding Medium. The filter may *
be preserved up to 72 ‘hours at
‘ambient temperatures. During
this time it ¢an be transported or
stored, Growth is stopped or
greatly reduced.

A

2) The membrane filter can be. .
transferred to a fresh absorbent
pad, saturated with such a mediu.n
as M-Endo Broth MF, or to LES
‘Endo Agar and incubated up to 24
h

}\

(4

. e ™
The differentiated coliform
colonies are counted as with
, other membrane filter coliform
mcodia,
This test procedure makes it
possible to filter samples in the _
field,r placc the filters onipre-
‘servative medium, then mail or
transport them to the laboratory”
for completion of the bacteriologi- |
cal examination. The procedure.
is designed to eliminate the need __~
for maintaining sample tempera- -
=ture in the interval befweén
sample collection and.initiation .
of the bacteriological exgminatidn. ,
In addition, the method Should
produce results more nearly
reflectinﬂ‘ the quality of the source
water than is available with other
methods of collecting and testing '
samples. . .

)]

4)

*

.3 Verified menibrane filter coliform
test “

. -

* a This is used to verify the interpreta-
- tion of differentiated- coldnies on any

type of membrane filter cqliforth
medium. The test is suggested for:
self-training of laboratory workers,
for evaluation of new or experimenial
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media, and in any water examinatio

in which the interpretation of results

is in doubt or likely to be invalved in
‘ legal controversy. ' .

The ‘test consists of obtaining pure

. cultures from differentiated coliform
‘ like colonies on membrane filters; .
’ and subjected them to further cultural
and biochemical tests to establish
their identity as Gram-negative non-
sporeforming bacilli which ferment .
lactose with gas production. The
fechnical procedures are described. -
elsewhere in this manual.

- AN .

\

» .
.IV MEDIUM FOR THE FECAL COLIFORM °
TEST - ‘
A‘ Concepts T e
. THe selective effect of elevated temperatur »
' has been:the most important development
in feacalgzohfor\m tests .since 1904 In that
LI year, EijRman discovered that cbliform
’ bacteria from the gut of warm-blooded
! ' T animals produced gas from glucose at
) 46°C,_while the majority of coliform
bacteria from othen sources did not.
T , Media variations were of only *°
" secondary Tmportance. = ,

Much medium variation has.resulted from
. attempts to gelect for Escherichia coli
only, as the fecal coliform. While E. coli

' is usually the predominam coliform in
human (and animal) feces, other types -
are present, including the alleged soil

and plant coliform, Aerobacter

aerogenes in very large numbers.

' All cqliforms-demonstrated by isola- . 4
] tion to have arisen in feces are called here
- - fecal coliforms &nd are measured empir -
ically by theifecal coliform tube test.
Membrane filter tests reflect divergence
of attitude on indicators of fecal origin,
Delaney et al. (1962) have published:.
Measurement of E. coli Type 1 by the

o " Membrane Filter. Geldreich etal, (1965) -
have presented: Fecal-Coliform-Qrganism
Medium for the Membrane Filter Technique

Temperatures are the same but media are,
different, Because the fecal coliform test
appears more convenient, it will be
empha.sized .

B Composition of Feoal Coliform Medium

M FC ¢

1 MFC medium is a rich growth medium
containing lactose, ptroteose peptone
no. 3, tryptone and yeast extract. A
level of . 3% sodium chloride produces
favorablé osmotic balance- Vigorous
growth results. A practical result is
shortening of test time ta 24 hours,

J .
The growth constituentg are similar to
those of the tube test for fecal coliform.
Both have' 0. 15% bile salts to select for
coliforms but elevated temperature is
the more important selectwe factor.

results in blue feral colidrm colonies.
Nonfecal coliform coléMies, generally
few, are gray to cream-colored.

2 The.indicator :ﬁtem of aniline ‘blue

~ C Special Problems with MFC Broth Medium

1 Temperature control must be accurate.
Current recommendations call for
44.5 + 0,2°C and the temperaturg4o
"be mamtamed in a water incubator

 of forced circulation,
. ]

2 ‘1efmperature equilibration must be

+ rapjd. Nonfecal coliforms may initiate
, growth at lower temperatures and sub-
sequently give false positive blue
colonies when incubated at 44.50.C.

No ‘more than 20 minutes lapse of time
is recommendeq from filtration to
incubation. Submergence in waterproof
plastic bags rqffuces actudl temperature
equilibration t310 - 12 minutes. <)

3 Rosoli¢ ac1d presents some problems
in preparation. It is practically ‘
insoluble in water and of limited ;
stability in aTkaline solition. A 1% .
solution in 0.2 N NaOH should be .
prepared and this added td the medium
a8 recommended by the manufacturer.
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v MEDIA FORFECAL STREPTOCOCCUS
* TESTS .

A Introduction
B 8
1 The development of membrane filtep
culture medid for the fecal streptococci®
reftects the continuing interest in this

group

recently has been greatly' increased.

2 Standards of performance of a good

- feral streptococcus medium correspond

with those of a good colfform medium

. on membrane filters, : Thus, the
requirements of prod’uctwnt:{ specificity.
ease of use, and reproducibility of the
medium, are equally applicable to >
medium for the detection and enumera-
tion of the fecal streptococci.

-B *KF Agar .

*," 1 This streptococcus medium was
developed at SEC by Kepner, et al.
o ahd designated KF agar, -

While KF medium is productive for
detection and enumeration of the
Fecal Streptococcus Group, ‘its use
is hampered by nonspecificity. Studies
have demonstrated that the medium

. supports growth of S, bovis, and other
forms common in animals. but not

N s

numerous in the fecal. edcreta of huma.ns. '

"2 Composition of KF Agar

) a Nutritive requirements of the fecal

streptococci are supplied by peptone,
a . yeast extract, sodium glycerophos-
phate, maltose, lactose, and dis-
tilled water, H

b The indicator system is phenol, red
« and 2, 3, 5 tmphenyl tetrazolium -
+ chloride. OnKF Agar. used with®
membrane filters,. the-fecal strepto-
- coccus colbnies develop as small
colonies, up to 2 mm in diameter,
colored vayious shades from pa
S pink to-a dark wine ‘color.}

} he selective component of KF Agar
dium azide, used in 0. 04%
concentration.
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SELECTION OF SAMPLE FILTRATION VOLUMES
* OR MEMBRANE FILTER METHODS

~

-
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I INTRODUCTION

. M - o fa
b~Kor both the total coloni€g’ and the

A Wide Range of Filtration Volumes
» L -

1, The membrane filter permits testing
a wide range of sample volumes, from
several hundred milliliters'to as little

‘as 0,0001 ml, or even less. Suitable’
dilution of sample volumes smaller
than 1, 0 ml may be required for
accuracy of’sample measurement.

«

~ -

2 While the method lends itself to a wide
range of sample volumes, the filter has
limitations jn the number of isojated
(or countab e) diff;:rentiated colonies
which cin develop on the available sur-

» face arek, Figure 1 iljustrates a com=

" ton pattern of colony counts over-a-
! \'vicie range of sample filtration volumes.

N\

Lo~ 7,
7 9
Total Colonies

. Coliform Colgnies

_'l'“a'lj,l TS TN RENeT I
*  Sample Volume !

Figure 1 ¥

a ‘The graph is based on"’coliform‘ de-
tgrmlinations using M Endo Brpth
MF, ' The-line designated ""Total '
Colonjes" includes both coliform and
noncoliform colonies, The "Coliform
Colonieg" line refers only‘%g differ-
efitiated ¢olonies havingthe typical
color and sheen of coliform colonies
on the medium, °

, , o
W.BA. mem, 75f. 8, 77

-9
, E l C‘ ¢ . )
3

=
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co}iform-colonies-there-is a pro-
portional relationship between colony
count and sample volume r much
_ of the range of sample volumes,
With increasing colony counts, there
are some levels above which the pro-
portignal relationship fails, both for
' total and for coliform colonies. -
; - S
In the straight lines in Figure 1, 2
where there is proportionality be~-
tween colony counts and filtration
volumes, it is possible to compute

density of bacteria in the gample,

"basted on #ie equation:

No."organisms ‘. No. colonies counted
D 100 X

per 100 m}. t o No.ml of sample

. ' filtered

3

-
-
-
\

-, /
y o

’ The equation is.not quantitatively ~
- \ reliable in the curved portions of
e the~linle‘s. - '
\ ' )
4 B Sc

- °

e of this. Presentation .
Ie

1 To explain limitations on quantitatively- -
riliable colony counts on membrarie .

, “filters. ~® '
;f —wv‘w-v' ’ - -

2 To\present.numbers of goloniép accept~

. able for quantitative tests witl availabl

media,

<.

o

To demonstrate the different’'quantitative
bacterial density ranges determined by—
single-volume filtrations, with available
media. . ~

.
[ .

. To demonstratesquantitative ranges
_covered by, a series of filtration volur— -
with currently-used differeptial media.
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«Selection of Sample Filtratigﬁ\Volumes

.5 To provide guidance for selection of
sample filtration vélumes under the
following practical conditiOns- .

a When there is need to determine
complianée with established bac-
teriologicalwater quality standards.

. B When there is need to determine
density ofa specified bacte rial group.

1) In the absence of pI‘lOI‘ bactemo-
logical data, and

2) When pmor bacterlological data
are available,
. -
I LIMITATIONS ON COLONY CQUNTS
USED FOR QUANTITATIVE WORK

-

A- Bacterial Density L

. - g

1 The minimum sample volume should
result in production of at least 20
colonies of the bacteria being counted.
Sample_ volumes yielding lesser numbers

of i;\olqﬁie's are subject to unacceptably

o7 e ‘}arge raﬁdorq variations in the computed
Je .. bacte rial densny, determined as above
“;i:'\ ) o (I A:« 2): |

{

+¢: The maximum acceptable colony density,
- ’for qu; ntltaflve det,ermmahons, is vari-
able With the bacterial group tested and
the medium .used,” Factors influencing
maximum acceptable colohy density’
include: - - - ¢ | -~

.

a" Size-of colonies,. In principle, each_
. calony should represent one baecterial

T cell deposited on the filter, or, con-

. versely, ehch bacterial cell deposit-
ed on the filter should result in pro-
duction of a recognizable colony,

: Madia’ producmg relatively large °
“‘colonies (as in the fecal coliform
test) will sugbort smaller numbers
of colonies on the filter than media
producmg smaller gologieg (such as
fecal streptococc:t) Ift

« _° teria deposit'ed on the filtdr i8 great,

: - " .gome colonigs will repre knt two or
« more cells 1n1t1a11y depos“ted on'the
ﬁlter, and the quantitative
of the test is unpaired‘ )

St

reliability,

-~ i v . .
. »

b Selectivity of medium. Highly
selective media permit growth of
relatively few colonies of extraneous,

_ untanfed, bacteria. The available
area of the filter is occupied pri- *

- marily by colonieg of the group >
tested. Thus, with a highly selective
meadium such as that used for fecal®
strept000001, it is reasonable to
expect good. quantltatwe results with
relatively high colony counts, Con- >
versely, media having limited
selectivity (such as Endo-type media
" for co orms) supports growth of -
considerable numbers of extraneous
bacterigl colonies, and it is necessary
to place arbitrarylimitations on the
nﬁmber of colonies per membrane in
quant1tat1ve studies.

i A

.
& o

c glochemlcal interference between
neighboring colonies, Associated
'+ with the-physical crowding effects
‘noted in(b) above, sheen production
_of coliform colonies may-be inhibited |
by o‘VErcrowdmg of colohies. This "
.reinforces the need for restriction - -
‘«  of colony density on the filter. °

s
7

B Suspendéd Matter

. /
1 Particulate matter in the sample can

bz a limitation in applicatign of mem-
brane filters, especially when the
amount 6f suspendéd matter is relatively
great.and the bacteria¥®¥ensjty is low.

2 Difficulties fro suspehded matter in
v thq sample ma;be -apparent in several
 waysy . .
e
" a The pores ofthe filter may be
occluded, limiting the volume of
- sample ):hat cay be filtered. This
., problem has been noted in waters
e rick 1rZl clays and ip waters containing
large populations of certaﬁn dlatoms
- or other a{lgae.

n

b Fibrous matter can be troublesome,
due to the tendency for a capillary
. filrh of 11qp1d culture medium to form
__ around the fibers Colonies in contaet=
with such fibers tend to grow along
. } -

8

e

S
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the path of the fibers, assuming
highly irregular forms. Sometimes
these_colonies cover abnormally
. large areas of the filter surface.
4 . . . .
¢ A more ar less continuous mat of
particlés may be collected from
some samples, with each particle
soon surrounded by a film ofliquid
culturé medium. On such filters,
distinct colonies usually ; fail to
develop as discrete entities, but
grow in a more or less continuous
a2 film over the entire surface of the
filter.

-3 Problems due to particulate matter
. often can be réduced by filtration.of
the selected, volume of water in two or
more smaller increments, through
\S'eparate filters, In effect, this is a
means of enlarging the available sur-
* face area of‘ﬂ;@ filter.

e e

coarse filter for px‘elanary removal

of extraneous partlculate matter is not
\ Prefiltration iriw)éf'lably results in re-
,moval of unpredictably large numbers of
"bacterial cells.

In some cases the problem of particu--
lates cannot bersolved, and it must
then be conceded that the membrane
filter method is not acceptable for such
samples. , It thén becomes necessary to
resort to other procedures, such as the
dilution tube method or: agar platidg
methods.

[

#1  LIMITS ON NUMBER OF COLONIES O
FILTERS WITH VARIOUS MEDIA

Referring to Figure 1, ‘a Speciflc number of
colonies is not shown for atceptable propon=
tlonahty between colpny numberrsand filtration
:voluma.

stest, ﬁ;f.uahons, for these limits Are somewhat
S Eiable from one culture medium to another
and from ore sample source to another.

»

»

Fixed limits cannot bhe stated for all-

' _Selection of Sampje Filtration Volumes .

. N
'The recommended limits shown in Table 1
are empirical values based on re-
search experience., It is beIleveq‘ that quan-
titative determinations of accep{able statistical
reliability ca?be obtained if the determinations
are based on olony counts w1th1n the limita-
tions shown,

~

-

IV RANGE OF BACTERIAL DENSITIES
'COVERED BY SINGLE-VOLUME *
FILTRATIONS

v e

A The equation used in Section I of this out-
line can be used with any sample filtration
volume to determine the bacterial density ‘
range over whlch acoeptable counts can be
made.
For example, assume that a sample of
‘10 ml is used for a quantitative determi-
nation of total coliforms, Based on Table

. 1, quantitative determinations should be

based on a filtration volume yielding 20 - -
80 colijjorm colonies, Compute
the colifforms per 100 ml based on 20
colonies and on 80 colonies per filter. This , -
will be the bacterial density range eovered .

by a 10 ‘m! filtration volume, thus:
ki

.

*for 20 colomes:

No. eoliforms per 100 ml = 100 X" ?18 .
- = 200 .
, and for 80 colonies, . )
:No. coliforms per 100 ml = 100 X _?_g_ .
.- 809 . as

Thus, a 10 ml sample portion is’ appro-
priate for detérmination ~of total coliforms -
in‘the range 200 - 800 per ‘100 ml.

c

- .
B Table 2 illustrates the ranges
several filfrg4ion volumes, with cdlony
counts in the’ranges 20 - 60, 20 - 80, and *
'29 ~ 100 pe fz}gmtlon volume,

‘r.ed for

° o, -y -
iy .
LR ", .
. / L
‘l . ‘541>
‘ % ‘
110 o 103
o, .
. A “
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Tahle 1,

~ _y ‘Selection of Sample Fﬂtragion Volumes

1%

RECOMMENDED COLONY COUNT RAQGES"FOR

-

N

3

QUANTITATIVE DETERMINATIONS WITH

.

» ‘ MEMBRANE FILTER TESTS = .
) Test No. colonies 2 Medium . . Remarks
' * Minimum | Maximum
H 7 . . L
) Total Coliform. 20 80 M Endo Broth MF,{ Not more than 200 _
) o , LES Endo Medjum | colonies of all types
- Fecal Coliform + -« 20 . 60, M FC Broth
. s - * v
: Fecal Streptococci 20- | 100- M Enterococcus
’ Agar, KF Agar’
Total: Counts " * 20 " 200 M Enrichment Spreaders may
- . » . . Broth require adjustment
D ~ . . ot Vd
- Table 2. RANGES COVERED BY REPRESENTATIVE
% : FILTRATION (VOLUMES -
4 ~ i
M1 sample Bacterial coTXnt per 100 ml based on
filtered 20 colonies | 60 colonies—\ 80 cslonies 100 colonies ’
4 . -
. ) —— .
' 100 20 60 . 80 100
. e, 10 200 600 . 800 1000 ..
- R | 2000 6000 8000 10, 000
0.} 20%000 . 60'.000 X 80, 000 100, 000
. * _ 0.0l 200, 000 600, 000 ' 800, 000 | 1,000, 000

L4
.

Volumes

-

C Application of a Series of Filtration

with an acceptable number of colonies,

the range of

filtration volumes should

1

Examination of Table 2 shows that for
quantitative work on mambrane filters,
to extend the range of any test, it is
necessary to filter two or more different
samp le'volumgs. The worker uges the
one sample volume yielding a quantita-
tively acceptable nimber of colonies to
compute the bacterial count per 100 ml,

Further, it caim”be seen that varying the )
filtration volumes by decimal- increments
will be inappropriate; there arevalues
within the total range covered in which ’
the colony number would fall outside the * _
critical counting.range for the test being -
made, . .

In order to- give* maximum assurance ,

that a series of varying filtration ’ ’
s>lumes will yleld at least one membrane

»

?

.

*

.\

be along these lines:

*

a Total coliform counts should be

based on filtration volumes varying

by # factor of 4, or’less.

b'* Fecal coliform counts should be

basec&on filtration volumes varylng

by a factor of 3, or less. .
» ‘.

be bg

d on filtration volumes vary-

[ Fecggtreptoéoccus counts should -

ing bx a factor of 5:’ or less.

V SELECTING FILTRATION VOLUMES
FOR MEMBRANE'FILTER TESTS -

A Total Coliform Counts ‘

ing bacterigl quality-standards. '

F
Tt
B

&

1 Determination of compliance with exist-

-




For all tests to determine whether
water meets PHS Drinking Water *
quality sfandards, minimum sainple
sizes are prescribed as 50 ml, with
100 ml sample volumes suggested.

. With tests in whi¢h it'is.assumed
that coliforms are present in some

numbers, and the test is to determine

whether some limiting standard (as
1000 per 100 ml in natural bathing
waters, prescribed by some
agencies), andther approach is

" suggested,
filtration volume which would be
quantitatively most acceptable to

[N

count coliforms at the limiting value. -

For example, with a limiting value
_of 1000 per 100 ml: .

‘ hd %

-+, urganisms

= X
er 100 ml ~100

lh is pre\ 1ouslv given equauon can be rearrange*-

N
»

%qmple t‘iltration Nvu. colonies courft

lumé in ml 100

md from this-

sumple filtration volume _
inml

of colonies for an.acke
count of 20 - 80/for
. fgrms per 100.m])

data

¥ »

1) Unpolluted raw surface water, 1,
‘ 15, and 60 ml samples will
cover a count range of 33 ~ 80600.
per 100-m1

Hére, sclect the sample

\o. colonies counte
No. ml of : sample §i117 !

No. organisms/ 100

2) Polluted raw surface water, £, 0’
0.08, 0.15, and 0.5 ml samples
will cover a count range of 4000
to 400, 000 per.100 ml,

Sewage and dilute sewage, with |
filtration volumes of 0, 0003,
0.001, 0.093, and 0.01, will
cover a count range of 200, 000
to 27, 000; 000 per 100 1], *

» ‘b If prior coliform data are available

3

~

Use the equation:

50
Average coliform é¢. |

" Basic filtration
rolume in ml

= 100 X
s

-

, Example: Assume that prior data
indicate average coliform count of
35, 000" per 100 ml, Using the
equation: R

50

3asic flltratlonvolume inml = 100 X = 35 006

-
Ve

=0, 143 ml

- ¢
eq

Round off the filtration VQlume to
0.15 ml. )

N

-7

To assure a reasonable count- rang«

filter increments of 0.04 and*0. 60 ml

in addition, This will provide for

acceptable coliform coSnts in the

range of 3300 to 200, 000 per 100 m|
: 4

'B Fecal Coliform Counts
= .
- : 57
1 Currently, no drinking water standards
are based on.fecal coliform organisms, -

\ .

F]

Many states- have environmental\water
quality standards which are basefi on
fecal coliform organisms,
Determination of fecal ¢olif6rms.\tn the
absence of prior data, = ° ' \
- A

a.sUnpolluted raw surface water: |

. Filter 1, 3, 10, ahd 30 mI sample

portions. These volumes will. \

cover a fecal’coliform range of
87 - 6000 per 100 ml.

2

-
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b Polluted raw surface water: "Fllter
portions of 0.1, 0, 3, 1.0, and 3.0 ‘
- ml.* This will cover a fecal*coliform
count range of 670 to 60, 000 pef‘ 100
ml.
A __"_l.q'_. e
¢ Sewage and dilute sewage: Fllter
gample: portjons:of 0,0003, 0.001
and 0. 003 ml. This will provide for
L. .counts of 670,000 to 20, D00, 000 per
© 100 ml.
Dete,rmmatlon of*fecal coliforms m
presence of prior data

-

-
o

, - .

3

[ bt

a When previous fecal coliform counts
are available:
F:ltration volume =
inml

.

. 40
Av, fecal coliform
count per 100 ml

100 X

‘

Example: Prior data show 8000 fecal
coliforms per 100 ml.

40
8000

~

2 100 X ——m—e
= Q 5

Fllter volumes of 0. 15, 0.5 and 1.5

ml. ‘This will be suitable for fecal

coliform counts over the range 1300
-to 40, 000.

Basic filtration volume in ml =
s -t

b -When previous total coliform data .
are available but no fecal coliform
*data are available, use the total
coliform value as above, but filter
3x and 9x the computed basic volumie.
Example (from above): Computed

bas1c value =0.5ml .

F1lter volumes of 0.5, 1.5 and 5.0

ml.

’

{ -

s

.
-

v
N -

C Fecal Streptococtus Determinations

- >

.1 In absénce of prior data

s

" A
a Unpolluted raw surface water: Filter

2

iy
¢4
f-\

sample portions of 1, 5, 25 and 109&*“*‘"

ml. This will provide for fecal
streptococcus counts in the range 20w
t0 10,000 per.100 ml.

v

b Polluted surface water: Filter
sample portions of 0.1, 0.5, and
2.0 ml. This will provide for fecal
streptococcus counts in the range
1000 to 100,000 per 100 ml. Pro-
vision for rather high counts of
fecal streptococei is made because
of possible situations in which pol-
lution of the water originates from

-domestic or wild animals. In the
event that such pollution is highly
‘improbable, a filtration series of
0.2, 1.0, and 5.0 ml {covering a
count range of 400 to 50, 000_per
100 ml) wouldsbe more appropriate.

2 When pr})r data are available
- 5

a If coliform, but not fecal strepto-
coccus data are available, compute
a basic filtration volume as in A, 2
above, but use the average coliform
count as’a point of reference. If
significant pollution from dontestic
or wild animals is believed, ent,
filter 0,2X, 1X and 5X the basic
filtration volumes. If the pollution

‘levels are believed due primarily to
human gources, use 1X, 5X a d 25X
the bé.#p filtration volumes. )

’

f .

b If prior streptococcus data are avall-
ablé;- use the equation

Basic filtration. = 100 x”A o 5‘:
volume i ml v. Streptococcus

count per 100 ml

é

and filter 0,.2X, 1X, and 5X the basic
filtration volume for streptococci.
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o pETAISD MEMBRANE FILTER METHODS « < '~ A .
’ r . T '
I BASIC PROCEDURES ~— _ D General Laboratory Procedures with®
. -\ . Membrane Filters
- A Introguction . o A -
‘ S ‘1 Prepare data sheet

Successful application of membrane filter .

methods requires development of good Minimum data required are; sample

routine operational practices. The identification, test performed including
detailed basic procedures described in media and methods, sample filtration
this Section are applicable to all mem- volumes, and the bench numbers
- ‘brane filter methods in water bacteriology assigned to individual membrane filters,
| ' for filtration, incubation, cplony-counting; -
‘ - and reporting of results. In addition, , ¢ Disinfect the laboratory bench'surface.
"’ equipment and supplies used in membrane . b
filter procedures: describedhere are mot - Use a suitable disinfectant solution and
repeated elsewhere in this text in such detail. . allow the surface to dry before
o R . : proceeding. ) '
Workers using membrane filter methods . )
Ny - for the first time are urged to become 3 Set out sterile cutture containers in an
thoroughly familiar with these basig . . . orderjy arrangement, ¢
' progedures and precautions. T . ’ .
- . - - . 4 La.bel’the culture containers. -

+ B General Supplies and Equipment Ligj ‘
) . ' Numbers correspond with the filter

p Table 1 is a check list of paterials, .nurgbers shown on the data sheet.
7 c "Sterili.zing" Media - . i 5 Place one sterile absorbent pad* in
- : . each culture container, unless an agar
Set tubes of freshlyprepared mediumina medium is being used. .
boiling waterbath for 10 minutds. “This - : 4
method suffices forrmedium in tubes up to Use sterile forceps for all manipulations
25X 150 mm} Frequentagitationis needed of absOrbent pads and membrane filters,
-1 with media containing agar. Forceps sterility is mainta{.ned by .
) . " storing the working tips in about 1 inch
Altérnately, o?orm media can be . . . of methanol or ethanol.—Because the
' directly heated on a hotplate to the first alcohol deteriorates the filter, dlssipate
o, bubble of ‘boiling. Stir the medium . . it by burning before using the forceps.
frequently if direct heat is used, to avoid ) Avoid heating the forceps in tpe burner
charring the medium., . . as hot metal chars the filter. .
* . * . RSP . ;{f’ R\
Do not gterilize in the autoclave. '

* n an agar medium is used, absorbent pads are not used. The a.mount of medium shou1d~be
silficient to make a layer approximately 1/8" deep in the culture container. ‘In the 50 mm (’
_plagtic culture containers this corresponds to approximately 6-8 ml of culture medium. LA

-

U
NOTE: Mention of commercial praducts and man‘ufacturers does not imply gndorsement by the
Office Of Water Programs, Environmental Protection Agency. w

A
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el EQUIPMENT, SUPPLIES AND MEDIA

Tota] Coliforms —
» M-Endo | L.E.S.| Delayed] Fecal Fecal
Item Broth | Coliformj Coliform] Coliform] Streptococaus

. . . )
Funnel unit assemblies X X . X X
X

Ring stand, with about a 3" split ring, -X X X
suppor! the filtration funnel

Forceps, smooth tips, type for
«MF work

Methanol, in small wlde-mouthed bottles,
about 20 ml for sterilizing forceps

Suction flasks, glass, 1 liter, mouth to
fit No. 8 stopper

Rubber tubing, 2-3 feet, to connect
. suction flask to vacuum services, latex
rubber 3/16" I.D. by 3/32" wall -

Pinch clamps strong enough for tight
compression of rubber tubing above

Pipettes, 10 ml, gnduated, Mohr type,
. sterile, dispense 10 per can per working

space per day. (Resterilize daily to

meet need). ¢

Pipettes, 1 ml, graduated, Mohr type,
sterile, dispense 24 per can per working
space per day. (Resterilize daily to

* meet need). ‘

Pipette boxes, sterile, for 1 mland
10 m} plpe!!os (sterilize above pipettes . .
in these boxes).

linders, 100 ml graduated, sterile,
(r {lize daily to meet need).

Jars, to receive used pipettes

Gas burner, Bunsen or similar
laboratory type

Wax pencils, red, suitable fog writing
on glass

Sponge in dllu!e iodine, to disinfect the
desk tops N

Membrane filters (white,’ ‘grid marked,
. sterile,and suitable pore size for
. micréblological analysis of water)

Absorbent pads for nutrient, (47 mm in
diameter), sterile, in units of 10 pads -
per packagg_ Not requlred if medium

+contains
‘Petri dllhel. dispoubla, plastic,

50 X 12 mm, sterile
Waterbath incubator 44.5 +0.2°C

Vegetable crispers, or cake boxes,
platic, withtight fitting covers, for
membrane filter incubations .

Fluorescent lamp, with extension cord.

-5

«

"
Ring stand, with vlamps, utility type -

B e e
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Detailed Membrane Filter Meth%ds .

’

.o

. ) . Table 1,

EQUIPM

1}

. ‘ -
SUPPLIES AND MEDIA (Cont'd) .

Item

M-Endo
Broth

‘'otal Coliforms
- L.E.S. Delnyeﬂ'J .Fecal

Coliform | Coliform | Colifdrm{ Stre;

Fecal
Qcoccus

Verified .
Tests

" Half-round glass paper welghts for
colony counting,with lower half of a

2-o0z metal ointment box -

Hand tally, single upit acceptable,
handor desk type

. Stereoscopic (dissection) microscope,
magnification of 10X or 15X, prefer-
able binocular wide field type

Bacteriological inoculating needle

Wire racks for culture tubes,

10 openings by five openings pre-
ferred, dimensions overall approxi-
mately 6" X 12"

Phenol Red Lactase Broth in 16 X-
150 mm fermentation tubes with
-* metal caps, 10.ml per tube

Eosin Methylene Blue Agar
(Levine) in petri plates, prepned
ready for use

-

Nutrient agar slants, in screw
capped tubes, 16 X126 mm

. Gram stain solutions, 4 sdlutfons
per complete set .

Microscope, corgpound, binocular,

with oil immersion lens, micro-~
scope lamp and immersion ofl .

Microscope slides, new, clem,
1" x3" s!ze

Water proot.plnuc bagl
for fecal coliform culture
. dish incubation

* M-Endo medium, MF dehydrated
medium in 25 X95 mm flat bottomed
screw-capped glass vials, 1,44 g
per tube, sufficient for 30 ml of
medium '

Ethanol, 95% in small bott
screw-cappéd tubes, about 20 m
per tube .-

Sodium benéate solution, 12%
aqueous, “n 25 X 150 mm screw-
capped tubes, about 10 ml per tube | -

L,E,S, Endo Agar MF, dehydrated '
M-Endo medium, 0,36 g par 25 X

- BS mm fiat bottomed screw~capped
glass vial, plusg 0.45 g agar, for 30 ml
Lactose Lauryl Sulfate Tryptose Broth
in 25 X150.mm test tube without
included gas tube, sbout 25 m}, for
enrichment in L, E,S. method

N .

-

x

v
X

"

X X X

X

.o
.
.

«




.

Detailéd Membrane Filte Methods .-
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Table 1, EQUIPMENT, SUPPLIES AND MEDIA (Conﬂd)

»_Total Coliforms

-

v M-Endo
Item - * | "Broth

L.

E.S. Delayed Fecal

Coliform

Fegal

Coliform | Stréptococcus

M-FC€ Broth for fegal coliform,

dehydrated medium in 25 X85 mm
fiat bottomed screw-capped glass
vials, ‘1, 11 g per tube, sufficient
for 30 ml of culture medium >

- Rosolic acid, 1% solution, in
0. 2N NaOH, in 25 X 150 mm flat
bottdmed acrew-capped tubes, -
&dout 5 ml per tube, freshly *
prepared

KF Agar, dehydrated medium in 25 A 150 mm
screw-capped tubes, sufficient for 30 nil, 2. ig
per tube L

Dilution bottles,. 8-02, preferable X
boro-silicate glass, with screw-

‘cap (or rubber stopper protected
by paper), each containing 99 ml.-
of sterile phosphate buffered
distilled water 4

Electric hot plate surface X

Beakers, 400 - 600 ml (for water- X
bath in preparation of membrane . . |
filter culture media)

Crucible tongs, to be usedat X
electric hot plates, for ‘removal
“of hot tubes of culture media for
bolling waterbath .

Coliform

~ X

A )

-~

~

el
?
.

-
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i f ) Detailed Membrane Filter Methods |
~ &
R e . o )
N ° “ . *» 3 , . s . s ha
6 Deliver enough culture medium to ( .10 Shake the sample thoroughly..’
saturate”each absorbent pad,~.using v < . ‘ . ’
a sterile pipette. * Z¢ 11 Measure sample into the funnel with
. . vacuum turned off. . *
Exact quantities cannot be stated S :
. ’ because pads and culture containers vary. ’ The primary objectives here are:
- Sufficient medium should be applied so 1) accurate meas ement of sample;
- that when the culture container is tipped and 2) optfimym distribution of colonies
a good- sized drop of culture medium*” . on the filter after incubation. To
freely drains a1t of the absorbent pad. meet thése objectives, methods of —
; y ’ 'measurement and dispensation to the
' 7 Organize supplies and equipment for ° . . filtration assembly are varied with
convenient sample filtration. In different sample filtration volumes.
: training courses, laboratory instructors :
will suggest ugeful arrangements; a With samples gzeater than 20 m},
' eyentually the individual will select a neasure the sample with a sterile
system of pench-top organization most graduated cylinder and pour it into *
suited to his own needs: The important ' the funnel, It ig imp rtant to rinse
point in any arrangement is to have all - . ~this graduate with sterile buffered.
) needed equipment and supplies con- ! distilled watei to preclude the loss < T
N veniently at hand, in such a pattern as ] of excessive sample volume. This .
P ’ o m1nim1ze lost time in useless motionsi 5 B should be poured into.the funnel. s
'8 lay a sterile membrane filter on the b With samples of 10 ml to 20 m), .
filter holder, grid-side up, centered . measure the sample with a sterile &
over-the porous part of the filter - ’ 10 ml or 20 ml pipette, and pipette
*  support plate. N on & dry membrane in the filtration’ .
P S B o . assembly. S
Membrane filters atre extremely ' oo .
delicate and easily damaged: For ¢ With samples of 2 mlto 10 ml, peur
* manipulation, the sterile forceps about 20 ml of sterile dilutiqn water
should always grasp-the outer part into the filtration assembly, then
» of the filter disk, outside the part . meéasure the*sample into the sterile )
of the filter through which the sample buffered dilutioiWater with a.10 ml
. basses. ~ ) sterile‘pipette. ‘ e
‘9 Attach the funnel element to the base ,d With samples of 0,5 to 2 ml, pour .
2 of the filtration unit, gbout 20 ml of sterile dilution water
. _ } o , — into the funnel assembly, then —_— -
To avoid damage to-the membrane measure the sample into the sterile
filter, locking fﬁ ces should only be dilution Water in the funnel witha * . .
applied at the lotking arrangement. 1 m] or a 2 ml pipette.
The funnel element never should be .
turned or twisted while being seatfed _e If a sample of legs than-Os5+mrl is to
and locked to the lower element of the be filtered, prepare appropriate ° g
- ——filter holding unit, Filter holding units dilutions in sterile dilution water, , . ¥ .&
featuring a bayonet joint and locking and proceed as Aapplicable in item c
; ring to join the upper* element to the 5 « ord above. .
. - lower element require special care on :
the part of the operator. The locking - " When dilutlons of samples are needed, I
~=~~= 'ring should be turned sufficiently to & always make-the Yiltrations ag/poon L
give a snug fit, but should not be * as posgsible after dilution of th
' tightened excessively. . sample tliis never should exceed . e
ﬂ%

-,

NOTE: Mention of commercial products and manufactu x(j
y the¢- Office of Water Programs, Environnie

—

ta

ers does not imply endorsen{ent
1 Protection Agency.




30 minutes, Always shake sample
dilutions thoroughly before delivering
measured volumes.

12" Turn'on the vacuum.

.Open the appropriate spring clamp or
.valve, and filter thé Bample,

After sample ﬂltration a few droplets

of sample usually remain adhered to

the funnel walls. Unless these droplets
.are removed, the bacteria contained in

them will be a source of contamination

of later samples. (In laboratory

practice the funnel unit is nat routinely

sterilized between successive filtrtions
The purpose of the funnel -

rinse is to flush all droplets of a.sample
. from the funnel walls:to the membrane
Extensive tests have shown that
with proper rinsing technique, bacterial
retention on the funnel walls is negligible.

of a series).

" Ringe the sample through the filter.

After all the sample has passed through
the membrane filter, rinse down the
sides’ of the funnel walls with at least
20 ml of sterile dilution water.,
_ the rinse twice after all the first rinse
has passed through the filter, Cut off
suction on the f£iltration assembly.

Remove the funnel element of the filter
holding unit,

If a ring stand with split ring is used, "
hang the funne} element on the ring;
se, place the inverted funnel
nt on the inner surface of the
wrapping material, This' requires
care ‘in opening the sterilized package,
but it is effective as a protection of the
funnel ring from contamination,

N \ ) .
Take-the membrané filter from the
filter-holder and caref
grid- s‘ide up on the medium.

Check that no air bubbles have been
trapped between'the membrane filter
and-the-underlying absorbent pad or
agar. Rela.y the membrane ﬂnecessary.

11-6- /\
Q . * ' /

N . - )
16 Place in incubator after finishing
" filtration series, ’

Invert the containers., :',The immediate
atmosphere of the incubating membrane -
filter must be’at or very near 100% ;
*  relative humidity. A\
17 Count colonies which have appeared
after incubating for the prescribed
time, ] ¢

A stereoscopic microscope magnifying
10-15 times and careful ﬂlumination ‘.
give best counts,
! For reporting results, the computation
is: ‘
<3

. bacteria/100 mi =

, No. colonies counted X100 *
Sample volume filtered in ml N

.

Example: ' Lo
A total of 36 coIo;xies grew after - v
filtering a 10 m1 sample. The c
" number reported is: < ,

36 colonies

" S=—=———=— X 100 = 360 per 100 ml
. ¥0 ml' - .

Report res_;.xlts to two significant figures.

Example: . .
_ A total of 40 colonies grew aftér ..

° ° filtering.a 3 ml sample, -
%

This calculation gives: -

: . ‘ 8 \l‘

40 csoglnifs X 100 = 1333.33per 100ml

But the number reported should be-
1300 per 100 ml, >
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II MmF LABORATORY TESTS FOR , v With this system, a large number
COLIFORM GROUP e . of increments of dehydrated medium

A Standard (':ouform"_rest (Based on M=-Endo
¢ Broth MF)

s

1 Culture gedium s

> a M-Endo Broth MF Difco 0749-02
.- . orthe equivalent BBL, M- Coliform
Broth 01-494

Preparation of Culture Medium -
(M>Endo Broth) for Standard MF
Coliform Test '

) -Yeast extract

Casitone or equivalent
Thiopeptone or equivalent
Tryptose .
Lactose .
Sodium desoxycholat
Dipotassium phosphat
Monopotassium phosp te
Sodium chloride

Sodium lauryl sulfate

Basic fuchsin (bactermlogical)
Sodium sulfite . S,

Distﬂled water (containing
20,0 ml: ethanol)

b '

This.medium is available in
dehydrated form and it ig rec-

- émmended that the commercially *

* available medium be used.in
preference to compounding the
medium of its individual'constituents.

o

N'—-‘om?»o&omw»—-
-3 =3
[

R oQ o o] o] aoaoyo o omom

.
o-ooowwo-moooct

-
’

(SN 3]
’

1000 ml

To prepare the medium for use,
suspend the dehydrated medium at
the rate of 48 grams per liter of
--water containing ethyl alcohol at
the rate o’f 20 ml per liter. "

_As a time-gaving convenience, it is
.. recommended that the laboratory -
worker preweigh the dehydrated
. medium in closed tubes for several
:-days, or even weeks, at one operation,

&

- (e.g., 1.44 grams), sufficient for

some convenient (e.g., 30 ml)
volume of finishegd culture medium
are weighed and dispensed into
screw-tapped culture tubes, and °
stored until needed.
preferably be in a darkened disiccator.

_ A supply of distilled water coxftaining
2Q ml stock ethanol per liter can be
maintained,
When the medium is to be used,” it_
is reconstituted by adding 30 ml of
the distilled water-ethanol mixture
per tube of pre-weighed dehydrated

- culture :nedium.

b Medium is "sterilized" as diretted

in1, C,

¢ Finished medium’can be-retained
up to 96 hours if kept in a cool,
dark place. Many workers prefer
. to reconstitute fresh medium daily.

N

2 Filtration and incubation procedures

are as given in I, D,

e,

Special instructions :h >

a For counting, use the wide field
binocular dissecting microscope, of -
simple lens. For illumination, use
a light source perpendicular to the

¢ plane of the membrane filter. A
small fluoresgent lamp i {deal for ,

* the purpose. . .

b Colifornx colonies have a "metallic"
surface sheen under reflected light
which may cover the entire colong, or

.

it may appear only-in the center, Non- .

coliform colonies range from
colorless to pink, but do not have
the characteristic sheen. S

c Record the colony counts on the

data sheet, and compute the coliform
count per 100 ml of sample. A

‘.

11-7
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Detailed Membrane Filter Methods

. N

B Standard Coliform Tests (Based on L.E.S; .
Endo Agar) . ) e .
The distinction of the L E.S. count is a
two hour enrichment incubation on LST
broth. M ~Endo L. E,S. médium is used
as agar rather than the broth.

1. Preparation of culture medium
‘(L E.S. Endo Agar) for L, E S
coliform test

-Q
A B}
v

‘a. Formula from McCarthy, Delaney,
and Grasso 2

Bacto-Yeast Extract 1.2 g
Bacto~Casitone 3.7 g
_Bacto-Thiopeptone 3.7 g
Bacto-Tryptose 7.5 .g 84
Bacto-Lactose ) 9.4 g
Dipotassium phosphate 3.3 g
Monopotassium phosphate 1.0 g
Sodium chloride _ 3.7 g
Sodium desoxycholate .01 g ‘e
Sodium lauryl sulfate - 0.05 g :
Soditm sulfite 1.6 g
Bacto-Basic.fuchsin R 0.8 g .
- Agar - ’t 15 g
" Disfilled water (containing 1000 ml Lo
20 m] ethyl alcohol)
b, To rehydrafe the medium; ‘suspend
. 51 grams in the Water-ethyl alcohol -
solutlgn. ) .o .
¢ Medium is "steriliqed" as directed
inl, C. .
d Pbur 4-6 ml of freshly prepared Agar- .i

into the smaller half of the container,
-Allow the medium to cool #nd solidify.
; —

2 Procedures for filtration a:;xd incubation

a [Lay out the culture dishes in ;. row

= - Or series of rows as ugual, Place
these with the uppeér (lid) or top -
. . side down, .

b Place ‘one sterile absorbent pad in
the larger half of each container
{lidy. Use sterile forceps for all et

C" Delayed Incubat!pn Ci

. manipulations of the pads, -
(Agaroccupies smaller half or -
‘ bottom) ‘
¢ Usging a sterile pipette, deliver .
*  enough pinglé strength lauryl .
sulfate tryptose broth to saturate
the pad .only. Avoid excess medium,

d Follow general procedures for ¢
filtering in I, D, Place filters on
- pad with lauryl sulfate tryptose

K broth, ‘o )
~e ' Upon completion of th& filtrations, -
invert the culture cortainers and

incubafe at 350C for 1 1/2 to 2
hours . .

v -

3 z—f)our prodedures

- ‘a Transfer the membrane filter from .
the. enrichment pad in the upper half )
to fhe agar medium in the lawer
half of the container.* Carefully . -
roll the membrane onto the agar ’ o
surface to avoid trapping air e
bubbles beneath the membrane.

*b Removal of the use‘a’dh,sorbent pad ’ *
’ is optional. hald . . -

¢ The container is inverted and o -
lncubated 22 hours +2 hours +0.5 C. -

-

4 Caunting procedures areas inL,'D,

5 L.E, S EndoAgar may be used as a
single-stage medium (no énrichment
step) in the same manner as M- Endo
Broth, MF.
S -
form Test
This technique—i_sﬂppllcable in situations
where there is an excessive delay between
sample collection and plating, The procédure
is unnecessary when the interval be-
“tween sample collection and plating is
within acceptable limits, .
~- . .
1 Preparation of culture media for ~ *
« .delayed mcubation coliform test

Al

-r

‘a Preservative medla M- Endo Broth
hase - ,.—;

-~ - P



¥ ' ’ ‘
/ ) ﬁetaﬂed Membrane Filter Methods

[

=

b Y

¢

. To 30 ml of M-Endo Broth MF
prepared in accordance with
1 of this
outline, a
127 aqueols solution of sodium
. benzoate. /.

~

L. RB.S. MF Holding Medium- e
Coliform: Dissolve 2.7 grams in

4 liter of distilled water. No
"heating is necessary. Final pH

7.1 +-0. 1, 'This medium contains
sodium benzoate. - N

b Growtn medx? ;

- %

M-Endo Broth MF is used, prepared .

,as described in 1I, A, 1 earlier in
this outline, Alternately, L.E.S.
Endo Medium may be useg

-

.General filtration followed is in I, D.
-

-

Special pr?oedures are:

a Transfer the membrane filter from
the filtration apparatus to a pad .

» sgaturated with benzoated M- Endo
Broth. e \\‘

b Close the cultire dikfes and hold,

in a container at ambient temperatire.

This maybe mailed or transported 4

to & central laboratory. The mailing
or trans rting tube should contain
accurate transmittal data sheets which
correspond to properly labeled dishes,

Transportation time, in the case of
. mailed containers, sho nat exceed
. 'three days to the time of teception
. by the testing ]aboratory.

¢ On receipt in the central laboratory,
unpack mailing carton, and lay. out
the culture containera on the labora~
tory bench. N

-~
-

_d Removethe {Ops from the culture
“containers, Using sterﬂe forceps, .
remove éach membrane and its
absorbent pad to the other-half of

v\1:he‘cu1ture container,

- %

.

.

» N f ..

£
.

e With g sterile pipette or sterile— _
absorkent.pad, remove preservative
medium from the culture container,

f Place a sterile absorbent pad in

each culture conta‘tner, and deliver -
enough freshly prepared M-Endo -
Broth to saturate each pad.

. 7 i .
Using sterile forceps, transfer the
membrane to the new absorbent pad
containing M-~Endo Broth Place
the membrane carefully to avoid—
entrapment of ajr.between the
membrane 'and the underlying
absorbent pad, Discard the
absorbent pad containing pre=,
servative medium. -
After incubation of 207 2 hours
at 350 C, count colonies as in the
above section A, 2, - —

-
-

If L.E,S. Endo Agar is used, the
steps beginning with (8) above are
omitted; and the membrane filter is -
removed from the preservativ,e —~
medium and transferred to a fresh

* culture container with L.E.S. Endo
Agar, incubated, and colonies
counted in the usual way,

D Verified Membrane Filter Coliform Test ~
This procedure applies to identification
of colonies growing on Endo-type media e
used for determination, of total coliform -
counts. Isolates from these colon{®s are .
_ studied for gas production from lactose .
and typical coliform morphology. In
effect, the procedure corresponds with
the Completed Test stage ‘of. the multiple
fermentation tube test for ‘goliforms,

s

_*

" ]
Procedure: . N o=
' :

1 Select a membrane filter bearing

several well-iso]at,ed coliform-type

colonies, . LS -

Using sterile techue,_ pickall -

o colonies in a selected area with the .
- inoculation needle, making transfers

into tubges of phenol red lactoge broth.

(or lauryl sulfate tryptose lactose

o

T

L11-9-
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o

broth). Using an appjropriate data
"@ sheet record the interpretation of
p each colony, "using, for instance,
«*%& "C" for colonies having the typical
)—'—' “ color and sheen of coliforms; "NC"
for colonies not conforming to
coliform colony appearance on
Endotype media.

3 Incubate te broth tubes at 350 C+ 0,5°C,
4 At 24 hours;

a Read and record the results from -
the lactose broth fermentation tubes.
The following code is suggested:
—_— !
Code

0] No indication of acid or gas

1

production, either with or
_without evidence of g,rowth.

A Evidence of acid but not éas
(applies only when a pH indicatoYy
_is included in the broth medium)

G Growth with production of gas.
7 If pH indicator is used, use
symbol AG to show evidence of
acid. Gas in any quantity is a
posit:.ve test. .

b Tube‘s not showing gas production are -
. - retiirned to the 350 C incubator.
P J £
¢ Gas-positive tubes are transferred
as follows:

-

1) Preparea streak inoculation on
EMB agar for colony ‘isolation, and
, using the same culture.

*2) Inoculate a nutrient agar slant.

y 3) Incubate the EMB aga,r plates and
Slants at*350C +0.5 °c, .

5 At 48 hours: - -
- &
a2, Read and record results of ]actose

broth tibes which®were negative at =
24 hours and were returned for
further incubation.

b Gas-positive cultures are subjected
to further transfers as in 4c. '
Gas-nggative cultures are discarded
withou%’ study; they are T .
coliform- tive.

,c Examine the cultures transferred

to EMB agar plates and to nutrient
agar slants, as follows:

1) Examine the EMB agar plate for -

evidence of purity of culture; if
the culture répresents more than
one colony type, discard the
nutrient agar culture and reisolate
each of the representative_colonial‘
types on the EMB plate and resume
as with 4c for each isolation,

If purity of culture appears evident,
continue with ¢ (2) below.

N

2) Prepare a smear and Gram stain
- from each nutrient agar slant
culture. The Gram stain should
be made‘on a culture not more’
than 24 hours old. Examine under
oil immersion for typical coliform -
morphology, and record results.

6 At 72 hours: '

Perform procedures described in ¢
above, and record results,

7 Coliform colonies are considered p
verified if the.procedures demonstrate

a pure culture of bacteria which are
gram negative nonspore—forming rods
and produce gas"from lactose at 350 C

s within 48 hours.

E Fecal Coliform Count (Based on M- FC
%Broth Basge)

The count depends upon growth on a
special medium at 44.5 + 0, 2%,

_ 1 Preparation of Culture Medium
(M-FC Broth Base)'for Fecal
Coliform Count

«
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. Detailed Membrane Filter Methods
. a Composition Filtetr membranes for fecal coliform
. counts consecutively and immediatel
. Tryptose . 10.0g - place them in their culture container};
. Proteose Peptone No, 3 5.0g * Insert ag mun
X . y as six culture containers
Yeast extract . 3.0g all oriented in th
Sodium chloride - - 5.0¢g the same way (i.e:; all
o C 12' 5g . igrtit:! el;lides facing the same direction)
. . nto the sacks seal,
Bile salts No. 3 \ 1.5g - and seal. TeaP off the
Rosolic acid* (Allied 10,0 ml , - perforated top, .grasp the side wires,
Chemical) and twirl the sack to roll the open end
Aniline blue (Allied Chemical) 0.1g .. inside the folds of sack. Then submerge
. - the sacks with culture containers in-
Distilted water 1000 ml verteg beneath the surface of a 44,5
: , 10.27°C waterbath, .
¢ b To prepare the medium dissolve b Incubate for 22 +2 hours.

d

37.1 gramg,in & -liter of distilled -
water which contains 10 ml of 1%
rosolic acid (prepared in0,2N
NaOH).

Fresh solutions of rosolic acid give
best results, Discard solutions
which have changed from dark red
to orange.

To sterilize, heat to boiling as
directed in], C.

Prepared medium may be retained
up to 4 days in the dark at 2-8°C

: 2 Special supplies

e

. Smail water proof plastic sacks capable
of being sealed'against water wtth

I,

C -

capacity of 3 to 6 cuhuge-uontainers.

.3 Filtration procedures are as given in

D. . r"w_

4 Elevated temperature incubats.on -

a Place fecal coliform count mem-~

branes at-445\5 +0.2 °C as rapddly
‘a8 posslble. .

*Prepare 1% solution of rosolic actd 1 0.2 N

> “

>

va

124 3 o \1 ‘

5 Counting procedures ) K )
Examine and count colonies as follows:

a Use'a wide field binocular dissecting

) . microscope with 5 - 10X magnification.
: f

features of the tests, ‘

b Low angle lighting from the side is -
advantageous.

¢ Fecal coliform colonies are blue, ° T
«génerally 1-3 mm in diameter, /

L . P

d Record the colony counts on the
data sheet, and report the fecal

© coliform count per 100 ml of sample. - I

‘(I D, 17 ﬂIustrates method) ’

III, TESTS FOR FECAL STREPTOCOCCAL

GROUP-MEMBRANE FILTER METHOD

A 48 hour incubation period on a choice.of

two different media, -giving high selectivity

for fecal streptococei, are the.distinctive .

.

‘ Y
-

,

|

¥ u

. ; ;
H. This dye is prlacticalﬁ/'(insoluble in water.

11-11°
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t .. ‘ .
* A Test for Members of Fecal Streptococcal ‘ . For membrane filter studies, pour °
" Group based on KF-Agar . 5-8 ml in each 50 mm glasg or . ¥
) . . , plastic culture dish or enaugh to -
/ 1 Preparation of the culture medium . make a layer approximately 1/8" .
thick. Be sure to pour plates befo% '
a Formula: (The dehydrated formula agar cools and solidifies, ’
of Bacto 0496 is shown, but . h
equivalent constituents from other . Eor plate counts, pour as for standard
sources are acceptable), Formula '8gar plate counts,
. e is in grams per liter of reconstituted
) : medium, - 2 v : : o T e

NOTE: Plastic dishes containing

Bacto proteose péptone #3 , media may be stored in a dark, cool

10.0
Bacto yeast extract 10.0 § place up to 30 days without change -
Sodium chloride (reagent grade) 5.0 g tnidl;zog‘l’::i’;tge‘;; ;‘;‘:tf;:)idiléf;‘&r I;ro-
0.0
:ﬂo;ilit\;r:eg(lg;?rphosphati ;0' 0 g Plastic dishes may be incubated in
3 ' Lactose (CP) 1.0 g an ordinary air incubator. Glass .
Sodium azide (Eastman) 0.4 g disbes must be incubated in an
Sodium carbonate 0.636 g a.tmosphere with saturated humidity.
(Na,CO, reagent grade) . -
. Brom &resol purple 0.015 g 2 I;ptp;allraltus,‘ and materials ag given in )
(water- soluble) . lable 1. ,
Bacto agar . 20,0 ¢

._3 General procedure is as given in I,

. , -

. " Special instructions . -

4

$
b Reagent

- )

‘2, 3, 5-Triphenyl tetrazolium

chloride reagent (IPTC) . ‘ a Incubaté 48.hours, inverted with
- 100% relative humidity after :
This reagent is prepared by making fﬂtration. ‘ .
- M a 1% aqueous solution of the above ‘ Lo
chemical passing it through a Seitz b After incubation; remove the ) <
, filter or, membrane filter. It can . _ cultures from the incubator, and
be kept in the refrigerator ina ‘ count colonies under ‘wide field T
screw-capped tube until used, binocular dissecting microscope, ’
. - . with magnification set at 10X or N
- ¢ The dehydrated medium described ) 20X, Fecal streptococcus colonies
" ‘above is prepared for laboratory . . - *  are pale pink to dark wine-color, d
. : use as follows: . ’ Ingize they rang'e from barely !
. & oo visible to approximately 2mm in
Suspend 7, 64 grams of the dehydrated : diaméter, Colorless colonies are .
medium in 100 m1 of distilled water not ceunted. .
in a flask with an aluminufr fofl : » ‘ 2 \ . Y
. : ° cover, e - ¢ Report fecdl streptococcus count”
: ’ ' " per 100 ml of sample, Thisis - *
Place the flask in a boiling water- computed as follows: .

bath, melt the dehydrated medium,
and leave in the Bofling waterbath

an addional 5 minutes, . ‘ No.- fecal streptococei per 100 ml = " S
. . ) ~ ¢
Cool the médium to 500-600C, add No, fgcal streptococcus colonies” x1 00

T 10 ml of the TPTC reagent, and . - Sample ftltration volume in ml

mix . . - . ‘ ' _
‘ 7 ' S e )
: 11-12. . : .
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B Verifica}ion of Streptococcus Colonies

1'

. the problem is by no means limited to

2

Verification of k:olonx ldentification
may be required in waters containing

- large numbers of Micrococcus orga~ -

nisms. This has been noted
particularly with bathing waters, but -

such waters.
. ~

A verification procedure is described

in "Standard-Methods for the Examinationl

of Water and Wastewater)' ‘14th ed.
(1975). The worker should use
this reference for the step<by-
step procegddre,

IV PROCEDURES FOR USE OF' MEMBRANE
FILTER FIELD UNITS ,

A Culture Media" by 7

tl

H

2

£

The .standard toliform media used with
laboratory tests are used.

To simplify field operations, it is
suggested that the medium be sent to
the fidld, preweighed, in vials or
capped culture tubes. The medium
then requires only the addition of a/
suitable volume of digtilled water-
ethanol prior to sterilization. ~-

Sterilization procedures % the field 5
are the same as for laboratory methods. .

Laboratory preparation of the media,
ready for use, would be permissible
-provided that the ‘required limitations
on time and conditions of storage are

. smet. con

B Operation of Millipore Water Testing Kit,

Bacteriological

1

‘

Supporting supplies and equipment are
the sale as for the laboratory :
procedures. *

Set the incubator voltage selector

. switch to the voltage of the ‘available
. supply, turn on the unit and adjust as

necessary to establish operating-

incubb.tor temperature at 35 + 0 50C, * *

i

3 Sterilize the funnel unit assembly by
exposure to formaldehyde or by
immersion in boiling water. If a ~
laboratory autoclave is available, this
is preferred. o * ..

Formaldehyde is produced by soaking

an asbestos ring (in the funnel base)

with methanol, igniting, and after a

few seconds of burning, closing the

unif by placing the stainless steel ~

flask over the funnel and base. This

regults in incomplete combustion oi:

the methanol, whereby formaldghyde

is produced. Leave the unit closed

for 15 minutes {o allow adequate

exgosure .to formaldehyde.

Filtration &nd incubation procedures
correspond with laboratory methods.

The unit is supplied with a booklet
containing detailed step-~by-step
erational procedures, The worker
\.1j sing the equipment should become
completely versed in its’ contents and
—application.

Other commercially available field kits
ghould be used according th manu-~
facturer!s instructions. Itis emphasized -
that the required standards of performance
‘are manditory for field devices as for
laboratory equipment.

D Counting 6f.Colonies on N_Iembz/'ane Filters

'l Equipment and materials

.

Membrane filter cultures to be
examined

INlumination source
Simple lens, 2X to 6X magnification

Hand tally (optional)
2 Proéedure ¢
.l '
a Remove the cultures from the
"* {ncubator and arrange them in
numerical sequence, '
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5’

b Set up illumination source as that
) light will originate from an area
perpendicular-fo the plane of
membrane filters being examined,
A small fluoreacent lamp is ideal
. for the purpose. It is highly -
desirable that a simple lens be
attached to the light source,

Count all coliform
and noncoliform golonies, Coliform -
and noncoliform colonies, Coliform
colonies have a "metallic" surface
sheen under reflected light, which
may cover the:entire colony or may i
appear only on the center. .

N Noncoliform coloniés range from
colorless to pink or red, but do not
have the characteristic "metallic’
sheen,

Examine results,

Enter the colony counts in the data
sheets:

e Enter the coliform count per 100 ml
of sample for each membrane having
a countable number of coliform
colonies, Oomputatign is as follows:

No. coliform per 100 ml =

. é £ . {
No. coliform colonies on MF %100
No. milliliters sample filtered

-~
(4
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I INTRODUCTION

On removal of membrane filter cultures from
the incubator, ‘the worker has several tasks

to perform, leading to the reporting of results
of the bacteriological examination. These
steps, together with the selection and use of
associated equipment, are considered in this
discussion. The following topics are'included:

A Precautions on removal of membrane
filter cultures from the incubator. a
Selection of the best membrane filter for
colony counting (when mere than’one
membrane filter per sample was prepared,
_representing a graded series of sample
increments.)

Use of grid systems on filter surfaces as
counting aids.

Recognition and courfting of desired
colonies, including selection and use of
optical equipment.

Calculatlons for reporting number of test
: orgamsms per 100 ml of sample

X

REMOVAL OF CULTURE FROM: -
JNCUBATOR

Incubation time and temperatur'é recom-
mendations should+-be blosely adhered to.
This applies particularly to totai coliform
counts. Some of our earlger training = -.
manuals have-suggested counting of colonies
after as few as 16 hours of incubation at

359C. Currently, 22 + 2 howrs is prefer.r’e'd.

All membrane filter cultures should be
incubated in the inverted position, with
Jneasures to avoid loss of culture medium
through leakage or evaporation. Some-
times. an excessive amount of culture .
_medlum is apphe‘d initially, or addltional

'y

moisture fihds its way into the culture
containgr during incubation. In such
cases, when the culture is removed
from the incubator, it should be turned
"right side up" in such a way as to avoxd
flooding the filter with excess liquid. If
excessive liquid is present, open the
culture container cautiously, and poutr
off the excess.

C Drying Filters Before Colony Counts

1 Someé workers advise opening all
cultures (especially total coliform tests
when Endo-type media are used) for
a short time (15 minutes to 1 hour)
for partial drying of coliform colonies
before counting. Advocates of this
step report that the typical surface
sheen characteristic of coliform
colonies is im'proved by this step.

2 Use-of prelintinary drymgaprocedures o

is a matter of personal preference. '

+In the opinion of the writer, the benefit
of preliminary drymg is at best debat-
able, and at worst, may interfere with
subsequent study of the bacterial
colonies. Correct use of acceptable

lighting and opucal equipment is a

far more important factor in ease and

accuracy of recognmon of differentiated

colonies. -

k4

I SBLECTION OF ACCEPTABLE MEMBRANE

FILTER CULTURE FOR EXAMINATION

- -

. Non-—Quantitativé Tésts

In bacteriologic examination of treated
‘wablkrs, where waters meeting require-
ments result in development of very few
or no coliform colonies, the typical filtra-
tion volume is 100 ml, and but one filtra-
tion is made per sample. In this case,
there is no problem- the one membrane

NOTE: Men’tlon of commercial products and manufacturers does not imoly endorsement by the
Office of Water Programs, Environmental Protection Agency

~
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filter preparaiion is the basis of bacteri-
ologic evaluation of the sample.

B Quantitative Tests
1 When the bacteriological water quality
standard is for 'some fixed limiting
value, such as 70 per 100 ml for shell-

N fish waters, again only a single sample

filt ration volume may be used. In such
a case, the filtration of a single portion
of 50 ml will show directly whether the
water meets bacteriologic standards,
or if the limiting standard is being

. v .exceeded. -

/

- - ‘ .
On the other hand, if the objective of the
test was to show how many cvliforms

_were present per 100 ml of sample,
thien’ it is necessary to filter a series of °
sample indrements from each sample,
* ,each increment being placed on 3 separate
menthirane filtér, At the end of the
% incu:ation period, the series of mem-
brane filters representing each sample’
must-be ingpected, with selection of the
membrane f{ilter bearing the number of
colonies most suitaile for reporting
quamitative results. This is summarized
in Table 1, below:
b4

«

The lower limit of 20 is set arbitranly,
as a number. below ‘which statistically
valid results become increasingly
questienable with smaller numbers of
colonies. The uf)per limits represent
ndmbers above which interference-from
colony crowding, deposition of extrane-
ous material, and other factors‘appear
- to result in ihcreasingly questiopable
results. It is emphasized that these
limiting values are empirical, based
on laboratory. observations alone, awl
do not represent results of theoretical \
calculations. It follows that it is quite
possible, with some sample sources,
to obtain acceptable quantitative results
‘with colony counts higher than the re-
commendations, but the minimum limat
of 20 colonies appeaéfo apply to the

majority of samplé ksources. "

°

3 If no membrane filter bears-a number
of colonies within the recommended
limits for the test, the worker has a
choice between - a) collecting a new
sample and repeating the test; and

b) using whatever results actually were
obtained, reporting an "educated guess"
as to the number of organisms per

100 ml. In the latter case, it is most

)

S e -, e~ « .

~N
| -_Table I, NUMBERS OF COLONIES'’ACCEPTABLE ., e
> FOR QUANTITATIVE DETERMINATIONS ti
Colony Counting Range . !
.o - Test Minimum - Maximum Remarks o
_ Total coliform 20 80 ©200 limit overall
’ * Fecal* coliform - 20 60°
. R . !
Fecal streptococcus 20 100 S -
‘ - . 1
- - "\ a .. \' . .o -
\. ‘ l%.\; "
- N - 129 - i L4 )
/ .
o 12-2 . N ' '
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\ ‘ ‘ . - L . : ‘
strongly 1rged tt t each result of this B Some special studies may require use of . °
type.be specifically identified with a membrane filters without grid markings.
qualifying statement, such as 'Estimated For example, the ink in some filters pre-_
i count, based on non-ideal colony density ) vents growth of Brucella melitensis. In
‘ on filter. ' - such'cases it may be necesggry to impro- .
. , vise a viewing grid which can be placed
. 4 Sometimes two,or more filters, of a < ‘over the culture’after incubation and
series of filtralion volumes firom a . . -colony-development.
sample, produce colpny counts within  ~ —

. the recommended counting range." [of Applications of Grids > _ ' -
Colony counts should be made on all ’ ‘ i
such filters. - See Section VI of this 1 The grid dimensions are of no particular
outline for calculations based on such significance in colony counting, provided
results. These problems may arise that their size.permits easy and con-
from the selection of a tag@-close range tinuous orientation in counting of coloni€s,
of sample filtration volumes, from™ ' To’be sure, a rough estimate of the total
colony differentiation failures related i number of differentiated colomes on a
to overcrowding on the filters, or from filter is possible by counting a repre-

hy\sico chemical interference with sentative number of squares and multi- .

colony deyelopment related to material plying colony ceunt by the appropriate -
in the sample deposited in or on the facto_r.' ‘For example, with many

. filters. . filters, colenies inten squares can be

— .+ counted, mulnphed by 10, and the pro-
. . - - duct is a rough estimate of the total

IV USE OF GRID SYSTEMS IN COLONY : number on the entire filter., It is em- )

COUNTS . . . - phasized that such procedure is for

o rough estimates only, and should not be

A Most manufacturers provide grid-imprinted condoned in quantitative work with

membrine filters for bacteriologic use. . membrane filtérs. °

The ink used in such filters must be bio- - .

chemigcally’inert to the test organisms, 2 The primary usefulnegs of the grid

and, of course, must be applied in such a ) system is for orientafion during the

manner as not to degrade the quality of the counting procedure. Some colonies

filter. Examples of suci gridding have will touch lines fon'a grid system, and e

appeared from various manufacturers as : a unifonm practice must be established ‘

follows: ’ to avoid missing some colonies or
‘ ' T C counting others twice. The procedure

1 .., effective filtering area subdivided used by the writer is as follows:

* into:squareés equal to 1/100 the effective _ .
filtering area (when a fidtering unit " a Counts are made in an orderly back- ’
with funnel-diameter of 35 mm is used). and-forth sweep, front top #4 bottom

- - . of th‘e filter. See Figure 1. -

2 ... grid markings which subdivide_ — , o
the effective fijtering area into.Squareg b Inev1tab1y, somg colonies will-be in

, equal to 1/100 the effective filtering contact with grid lines. A suggested
area (9.6 cm?for 47 mm diameter x routine procedure for counting, eolonies
filters). ) ) ot \ in contact with lihes is indicated in oL

- R . : ’ Figure 2. Colonies are counted in« S
SRR 3 ... filters subdlvided 8o that each the squares indicated by the arrows, i
i square of’the grid represents 1/6Q of : and no effort is made td decide
, the effective filtering area. " whether ""most of the colony" is in v
y : ) " .one or the other sqaare.” | ° "
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% w ™ ™ V " . . ., .
e N 4 M . » TR . -
A - . Figure 2. Enlarged portion-of grid-marked N
° 7 .« square of filter, with various, ways coloniés
v - . can be in contact with grid-linegs. *‘Colonies T
Ffgure 1. The dashed circle indicates the n g o 3

are countedin squares indicatedhy the arrows.

ata

effective filterifg area. The dashed back-

" and-forth line indicates the colony cquntipg , : : T a .
pathway. i SRR . lamp or in elaborate microscope i *
) . . : . lamp housings, are not satisfactory
. : for coliform colony counting.on
Ve COCUNTING OF COLOI\.I,I_FfS - *  membrane filters with Endo-type
A Equipment o . v media/ . ‘
[} L °
1 A hand-tally is a useful devic® while b . For fecal coliforms or fecal strep-
counts are being made - tococci, the lighting requirements .

>

are not so severe~ in this case almost , a
o °,*» any sufficiently bright light source,

2 Optical assistance’in colony counts is | . " which can be placed above the filfér

strongly’ recommended. Dependence { o . . . .
- on naked-eye counts often results in e (eilltlh:rﬁait a hfgh rat 4 low angle) ;
too-“low results. . , v uttice. . ' ,
. % °9 -
s o : . . 2 :
. a Preferably, use a wide-field binocu- o Lighting aarrange agnt anfi counting e
lar disgecting microsgope with °
ps s a As above for coliform ¢ounfirig - 20
0 X. ! ’ .8
magnification of 1, ri1s L0 the fluorescent lamp should be at a ' .
. high’ angle (as nearly as possible =
b lejnt'xg)ll;aig{s ﬁi;e;z::iiz:zlgé at o , directly over the membrane filter) .
. *»* _  soplaced that an frhnage of the light . :
least 5X can be aseod_ provxdad “}aﬁ ° souI;'ce is reflected of%‘ the bolonff
a;::g,ltlable 11Lummat1013 also is surfaces into the ‘microscopé lens
P ) . - system. Properly placed, the light- ~»
M g, ’ S s 1" ® C e
'3 Lighti . ¢ g will demonstrate the "'golden \ .
. ng- 10g equipmen =~ metallic'' surface luster of coliform
a For coliform counting, a la.rge light .°, , \ ggigg;esorwglacz;t g:;,aioggfyt?: :: tire .
source is mandatoﬁé Fluorescent .. .area in thé center of the colony . B
lamps in housings: Qermlttmg place- ) 'I‘he worker must learn to recognize.
s ment’ closge to and as directly as LT - “
possible over the membrane filter is ‘ tg!:)i di‘éf:Ezzge:?it:;f;t:iéggi . '
v the best lighting arrangement known . 'aRd the merely-shiny surface of P VL S
td the writer. Incandesc;ént lan - ' 1if 51 ye Y IR
- whether simple light bulbs in a table o coliform. co omes.
" ) Y ’ : o . . ,/:"
L4 ' a ’ ¢ -
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b- Other types of colonies (fecal coli- - fecal stre‘ptococcx) bactemal counts
. forms, fecal streptococci, etc.) do, always are reported in.numbers per 100
© e reduire suh rigidconrol of e e romares, por
* light source. Low-'angle llghtlng example, if the calcgulatlon indicates
can be helpfyl, to give a relief of 75, 400,0r even 75, 444 organisms per 100
the colony, profile from the colony ' ml, the results would be reported as
- : * surface. Ehis is valuable with small 75, 000 per 106 ml in each case. (The
* , colonies, %uch as frequently en- digits 7 and 5 are the ‘significant figures;
.~ , couftered in streptococcal studies. the three zeros only locate- the demmal
In such casés, almost any light L point.) : . :
i source 1§ acceptable,’ provided that 2 _When "total" bacterial counts are reported
it is bright enough and that it is". . common- prdctlce is to report in number * ,
. * * applied from some.where above the: *© ° ' -per ml, notthg- .Aumbér per 100 ml . }
o membrane filter. - 7' . 3 Quantitative work on-enteric pathogens is, |
e . . ©- | at this-time, limited to reporting of

¢ The typical appearance of various . " occurrepce of designated enteric pathogens,
types of colonies,is rélated to the +. porrelated with measured density of pollu-
7 * fion indicating bacterial groups. At-such
time as the numerical determination. of
enteric pathogens becomes feasible, it is

culture media applied; therefore,
this is not discussed 1n detail at this

.point.” See the outlines on culture . - anticipated that reports will be in terms
media and on laboratory pr‘cedures . of count per 100 ml, or even larger volume
. for specified indicator organisms units. ) .
¢ forrsuch information. Ve . 0 " - . //
. . - / . i b ,
d In colony counting, count all colonies B ;yglcal Calculatxons : -

e individudlly, even if they are in ’
contact with each other (this is con- 1 Select the membrane filter béaring-the—
trary to usual practice in colony- . acceptable number of colonies for re-
counting in agar cultures in Petri - - porting, and calculate indicators per

isheg). Such oolonies are recog- . 100 m} according to the general formula:
, ¢ iz._ed quite easily when a gncroscope ; . ;
) is used for colony counting as re- " No? indicat:pr‘organisms per 100 ml ® ~
o, 2 commended. Colonies which have
' ) grown into contact almost invar{ably No. colonies of indicator organistn . .0 .
show a very fine line.of contact. The .No. ml of sample filtered - - ;
worker must learn to recognize the S ) -
difference between two or more 2 Example: - " ’ .
* _ colonies which have grown into con-.. - o
® . tact with each other, and single, a Assume that for a total coliform .
’ . irregularly shaped, colonies which - count, volumes of 50, 15, 5, 1.5, E
¢ sometimes develop on.membrane . and 0.5 ml produced coliform colony o
, filters. * Such colonies almo$t in- ' s counts of 200, 110, 40,"10, and’5, :
. variably are associated with 4 fiber S respectl\(ely , -
e . or partlculate matemal deposited on . A .
. - the filter, and tend to develop along ~ b, First, the worker actually WOU]-C?ﬂOt
. a path conforming to the shape and ' ; have counted coliférm COlomes on )
.size of the fiber or particulates, © all these filters., He would have o
' selected, by inspection, the, mem- :
- . . brapne filter(s) most hkely to have
S VI CALCULATIONS T2 f810 coliform coloniesy limiting
. v TA Countmg Umts o actugl counting to such colonies ) ]‘*
ks (this does take some practice and \
T In reportmg densmes of mdlcator . skill in making quick estimates, b‘ut
organisms, (cohforms fecal coh.forms . comes with-experience).
’ Q- 12-5
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Colony Counting or Membrane Filters T - - '
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x ¢ Having selected the membrane filter and report with qualifying remark’ . -
probably” most useful for reporting thus: . .

‘ purposes, coliform colenies are T
.~ . counted according to accepted pro-
cedures, and the general formula .
.is applied: .

b Coliforms per 100 _mi 4—:- X 100

Coliforms per 100 ml = 800

. \ .
C Special Situations in- Calculating Densities
of Indicator Organisms

L . ‘ ’ . . coliform colony counts of 0, 0, and0, - *
‘f._“- - 1 Assume a cohform count-in which the . respectively, e -
_ * volumes of'1, 0.3, 0.1,0.03, and  ° g
N . 0.01ml, respectively, produced coli- - a Here, no actual calculation is possnble, *
. form colpny eounts of TNTC, TNTC,, even for "estimate" reports
) 75, 30, and 8, respectively.’ - . .
: rooT. N b Suggestion:’ Calculate the-number —
\ a Here, two sample volumgs resulted, of estimated coliforms per 100 ml
VLT _ in production of coliform coloniés ~ .. that would have been reported if- .
' in the acceptable counfmg range. «*% 7 ™ there had been 1 coliform’ colony
L on the filter represéting the largest ' ~
&b uggestion: Compile the f11tranoxll o - 'flltra.uon volume, thus: . ’
"~ volumes and colonies from hoth .- LA T I .
- t . . . - . . ! .
acceptable filters, as §011<‘)nws.o ‘ Use 1 colony, and 1 ml: %‘ X 100 =.100 . o
‘ Volume, nl Gomnt -~ . : ' ‘
B . R 2 L Report: "Less than 100 collforms .
0.1 /5 75 4’ = per 100 ml" .
- 0:08. a0 k. B : ‘ ' .
. 0.13 105 . ', - 4 Assume a coliform count in which the >
* R . volumes of 1, 0.3, and 0.01 ml pro-
Calculate coliforms per 100 ml from duced coliform colony counts of TNC,
. the composite result: ) +150, and 110 colonies, -
. - . ‘
Cohforms .pér 100 ml = 105 X 100 a Here, all.t:olony‘ co.u.nfs are above
s 0.13 the recommended limits,
3 - <
Coliforms per 100' ml : 81"000 b ,Suggestibn: Use Exafnple 2, above, < e
2 .Assume a coliform count in which and re}jf);-t aln eftxmated co.unt baised
sample volumes of 1, 0.3, and .01 ml on non-ideal colony counts:
produced colony counts of 14;3;, and 110 | - %
0, respectively. : - "o X 100 = 1,100,000 » -
. L] » VS v
PR, . N o) t 8 3 1 . -
N LB f::fﬁ;c;:d:gﬂﬁrs?t:n falls within Report: “Coliform count estlmated
N L at 1,100,900 per 100 ml, based on
. - 1
. b Su estion: Calculate on'the basis ‘non ideal color‘xy co%t . .
e of the most nearly acceptable value, A . .
- . " N
- . b .
-— . 133 . '
. . \ . ) - . P Y 3
> QQW Y ‘ »l%;. : :;

‘ *=Use 14 colonies from 1 ml of sample:

... £ X 100 = 1400 .o
Report "Estimated Count, 1400 .
per 100 ml, based on non- ldeal
colony count ‘ ,

A . -

3 Assume a coliform count in which the
volumes 1, 0,3, and 0. 01 ml- produced
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. s .

5 Assume that, in Example 4, the volumds

- ,0f1.0, 0,3, and 0.01 ml, all produced
too many coliform colonies to show
separated colonies, and that the labora-~
tory bench record showed TNTC (Too
Numerous to Count).*

Suggestion: Use 80 colonies as the
~Pasis of calculation with the smallest

«

VII CONGLUSION

" The foregging discussion has presented a
number of factors which determine the quan-
titative reliability of membrane filter resuitst——
It cannot be too strongly emphasized that the
correct use of acceptable colony counting
equlpment is one_of the most important single *
factors in successful application of membrane

filtration volume, thus: . filter methods. Here, there is perhaps a
T : greater exercise of personal skill and Judgment
80\ » 100 = 800 000 than in any other aspect of membrane filter
0.01 <! ____methodology. There is no substitute for prac-
tice and experience, supported by liberal use
Report: ''>B00,000 coliforms per 100 of supporting colony verification studies, to
ml sample. Filters too crowded." prodgce a skijlled wogker in colony counts
= . on membrane filters,
e ~ — - —
. . . This outline was prepared by H. L. Jeter, * ]
- i Chjef, Program Support Training Branch,
\ . . . USEPA, Cincinnati, thie 450268 -
P s 2 . - .
@ - Descriptors: Filters, Mefnbran'e, Bacteria, i
N . hEN Microorganisms, Measurement Testing
- - Procedures ©o h
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1" INTRODUCTION

. N \ - '
A Thepurpose of a verified membrane filter
test procedure is to establish the validity
of colony differentiation and interpretation

.
g

x

verified membrane filter test may p

useful 1) as a self-training device for new
workers, 2) as a research topl in evalu-
ation of new membrane filtex?ﬁnedia and
"procedures, or 3) to provigde supporting -3
evidence of:colaony interpretation in cases™ )
where the analytical results may be subject
to_professional. or*0fficial challenge.

~

v
@

y

» 1L

B Reduced to essentials, a verified.mem- ' Az
brane filter test consists of 1) interpre- g

tation of the colories appearing on a
selective, differential medium, 2) re-
covery of purified bacterial cultures from :;

differentiated colonies, and 3) apphcanon
2

? -

<

® w‘

*
¥In aédmon verlflcano

L@

of supplemental test procedures to
determine the validity of the original .
inferpretation of the membrane filter
colonies

-5
-
LY

. ~ ’

toaverified membrane filter cohform test,

in the test being applied. S'pecmcall:};, a . C Inthis discussion, p.rimary attentionis given

procedures are
presented for members he fecal coli-
form group and for fecal streptococci.
L

VERIFIED TEST FOR MEMBERS OF THE.
COLIFORM'GROUP'"

N '\,’_ 4—;
Anabbrewatedprocedu recorre sponds tothe
"Confirmed Test of Standard Methods throu
use of lactose broth (or'lactose lauryl
tryptose broth) followed by confirmation
in brilliant green lactese bile broth. The

procedure is shown dlagrammancauy as
follows

N .. o 3 \ Ten - . '
", - . e - .’:’ R N
- 10 - 20 sheen colonies Tfom membrane’ R .
. —\ filter {each‘testedféfparately)
. -~ oA i3 i
’ : ! ~
Lactose {or, lauryl tryptose)-br(fth d
o . N
t . Incubate 24 Hburs at*350C . o i+
U . 2 .
t 9 X L] ¥
v 2 ‘L &L 7 . l ‘g“ W l’ "
l . v o - (’%‘ I, v 3 -« .
. o - . Np gas v%‘ -@ Gas P % e
l VS ) Reincubate, 24 hours at 35°c. " . %‘% - S
. . ' . > - .- » 3 b . #»
" . T AY .
® . %
- ‘ - L g ' x
' o4 oot "% -
A No'gas - — Gas———-‘-—] RN T S
y e N . 'f ol ) s S
Negative coliform test -\

Colony not coliform

. Brilliant Green lactose bile br;lh
_ Incubate up. tcj 48 hours at:35°C

- N . A
Y

'No gas

Negative coliform test
Colo y not coliform

3

e
. Gas
P’ositxve coliform test
Colony -wa8 coliform

“Diagram 1.

ABBREVIATED COLIFORM VERIFICATION PBOCEDURE

v

2
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Verified,MembTax_xg/ﬁiilte'r Tests, . e - ' .

Y]
o
. e A=
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w3 o : ) ) - - # . -
B A more elaborate verification of membﬁage o though they did not demonstrate the —
filter test for coliforms=resembles theé" desired differential characteristic, - -

[N

Completed Test of Standard Methods. The . —
test is started in exactly the same way as : ‘

. >

the€"abbreviated test, and may be repre- III VERIPICATION OF FECAL COLIFORM
sented diagrammatically as a continuation TESTS ON MEMBRANE FILTERS—™  —
from the lactose broth stage of Diagram 1. . -
c. See Diagram 2. /o . A 'THe procedure descyibed here is based '
AN ' . 3 .on the principle that, with use of msFC —
C While the diagrams (1 and 2) are pre- Broth and- incubation in a water bathat =~ — _ °
. sented in terms of sheen colonies (inter- ° 44,5°C for 24 houfs, fecal coliform
c - preted as coliforms), the careful worker colonies on membrané filters develop a *
: also should subject a similarly represen- blue color, (sometimes a greenish-blue). .
talive number of non-sheen colonies Extraneous bacteria are believed to fail )
o (judged to be’ nor;cohforms) to the same ' to develop colonies, or else consist of L

. test procedure. This will reveal whether such colonies develop some color other — -
the medium being studied fails to differ- than the blue color of fecal coliforms %
entiate apprecxable numbers of colonies " (colorless, buff- or brownish-color, or _—
which in reality are coliforms, even even red colonies may develop on the '
- . . . " medium). [ -

e . v

- ” - ~
. . 3 R -

. Gas-positive lactose broth tubes from . -f - .
Diagram-1, above . . . .
Streak on eosin methylene blue agar v
plates for colony isolation .
Incubate 24 hours at 35°C : . Lo
] : 4 [ - © = ?
Transfer an isolated nucleated colony
ol ‘. (or at least two well<isolated representatwe
- . colomes in the absence of nucleated colomes) . .
to . -

-
) : " = 2 l ~—— .

~

. lactose broth (or lactose  and to  nutrient agar slant o B
o lauryl tryptose broth) l . - -
. Incubate up to 48 hours Incubate not more than 24 hours
. o at 35°C at 35°C" —
‘ ‘ . \/‘ . . ° Q’- i * N ) :
: <o K ‘Prepare Gram-stained smear and - .
. e e ) : examine under oil i;nmersion . —_

- v [

No"gas ' Gas andee Gram-negative, ~;mn-spore Lack of any morpho<— .
¢ ‘- forming rods, pure culture logical feature . -
) . ) , " . . based on morpholow . described on left L X :
. NegatjVe test Posifive coliM (Colony Negativevoliform test , =~
. (Colony was not - _originally selected Was coliform) ~ =~ (Colony originally chosen

» moliform) . . .- . was not coliform)

3 R : .
\M" Diagram 2; EXTENDED GOLIFORM-VERIFICATION PROCEDURE - ' °*

v ) v\‘ . 136.— L
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' . . . Verified Membrane.Filter Tests'

.

B The verified test for fecal coliforms
is indicated in Diagram 3, below:

b

e “ B
%, . . 10 - 20 blue colonies from membrane
v . - filter (each tested separately)
. L i Phenol red lactose broth (or 1actose ’ :
S , . _ brothor 1aury1 tryptose broth)' ) \\
.. Incubate 24 hours at 35°C * .
. - ' . .L " o
' - — e o
' No%as : . { G'abs . i
. Reincubate 24 hours
at 35°C .

No gas' - Gas —#— 1
) EC Broth S
'Negative test for g ,
. fecal coliforms. ‘ Incubate 24 hours at 474 50C + 0.50Cina
Colony was not a ] .. water bath .
’ feca]l colifornt colony - \L >
‘ S oo No%as ‘ . G¥s
: Negative test for fecal Positive test for
. ‘coliforms. Colony was fecal coliforms.
' not a Yecal coliform Colony was fecal
‘ : : . coliforin )

. ' Diagram 3, A VERIFICATION PROCEDURE FOR FECAL
. . COLIFORMS ON MEMBRANE FILTERS

B «
+ b ] N
@

IV VERIFICATION OF FECAL STREPTO- ) which numerous extremely small colonies,
COCCUS COLONIES ON MEMBRANE approximately 0.1 mm in diameter, are

FILTERS . . . present in great numbers. ’Almost in-
s : A variably, these are not fecal streptococci.
See diagram 4 for a representatlon of

‘A The procedure is used in the evaluation of ¥ * a verification test.
results from & medium similar to the .
m-Enterococcus Agar (Slanetz) degcribed ¢
in the current edition of Standard Methods. *
- The membrane filter procedure utilizes

a

v CALCULATIONS BASED ON VERIFICATION

48 hour incubation at 35°C, and colonies STUDEES -

" which are pink to red, either in'their * - .
entlrety.@r only in theu: centers, are A A percent verification can be determined
regarded as fecal- streptococcl. Most . . for any-colony -validation test:

" sugh colomesyalre 11 -2 mm (1)n dlametelrl', '

+ -and some may be larger. Occasionally, 05 am i s - .

°  some samples may bg encoy.rntered in Y . Percent vemf&gatmn

) . Ty . No.—of colonies meeting verlf;catlon test -
e 100
No‘Q of colomes subjected to ver1f1cat10n
N _’6:. ’ ‘ . 2 .
- . o 1 3 7 . - - 13-3
» mz«';?:fﬁ‘ o - - .
¢ O he L ' o ) . '
' - ;@“@9 - . 4 g
l‘- * x. O 3 N ¢ Q i o
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Verified Membrane Filter Tgsts . >
- -
; .
- s
[ . yJ
. " . ,
v . "
) .10 - 20 Pink to red colonies from & -
- - -
s .
membrane filter (each tésted separately) )
- . Y 3 a
\
.-
. . 1
samPLE .. . NN
- - 4 "
e KF AGAR
-
R o e
[10 « 20 PINX TO RID*COLONIES FROM
) MEMBRANS FILTER (CACH TESTEO SEPARATECY)) T
- x ¢ '
PINK RID COLONY s
, -
'0.0'"‘ IN BRAIN-HEART INFUSION BROTH WITHIN 2 DAYS AT 43 C AND /
. 5 OAYS AT 10 C WITH CONFRMATION AT CATALASE-NIOATIVE
¥ / . \
. —
-
‘ ORQWIN AT 43 C AND 10 € onoumv 45 € oMLY
~ . . A
>~
CONFIRM WITH OROWIN 1N & 5% NeCi AND pH # 3 IN
SRAW. HEART INFUSION BROTH AND RIDUCHION'OF 01 %_MITHYLINC 81uC $ 8OV AND 3 (OUINVS
- b i
‘ inttrocace ';ono » L
RIOUCHION OF K,100, T1C AN, v v  STARCH HYOROLYSIS
FIRMINTATION OF D- SORBIFOL AND OLYCLROL STARCH HYDROLYSS i
| eosimve ! ~
'
[4-11 1 NIOATIVI rositive NIOATIVE ‘t
- LACIOSE FeaMINTATION
S FALCALIS ANO VARILIES L8 FAKCIUM AND 5 DURANS ATYPICAL § FAECALIS PEPTONIZATION OF R , ‘
N ’ N (VIGITATION SOURCE) LITMUS MiLK ¢ .
Acm NLY RO CHAN
@ HYOROLY$IS OF OLLATIN v h p ot ‘
FIRMINTATION OF L.ARABINO - :
N 4 OF LaramINOs rosinIve Neoanve® s u;vu 5 1ouINUS
rosimiye | NEOAIIVE . o (1VESTOCK AND POULTRY
. . i sources
ronitve .4+ NIOATIVE 3 FARCALIS VAR NtsROCOCCH
LIOUEFACIENS (WARM .8LOODID .
5 FALCALIS 5 FALCAUS AND . —_———
ANIMAL SOURCES)-
VAR LIOUIFACIINS $ FALCALIS VAR ZYMOOEN(S % FALCIUM 5 DURANS (INsect soukcn) o,
. . . H .7 .
- ~
. ‘HEMOLYSIS M \
rosITVE NEGATIVE Y ’
. - . - 4
'S FALCALS VAR IYMOOINGS * 5 jagcaus . N
. )
¢ / . .
4
7/ . -
.- _ - R
- N
. ~
- .
‘) «

Diagram 4, FLOW SHEET AND SEQUﬁNCE OF TESTS TO PERFORM VERIFICATION
STUDIES ON COLONIES BELIEVED TO BE-FECAL STREPTOOOCCI '

Example: ‘Twenty-f‘ive sheen colonies
or Endo-type membrane*filter medium .
were ‘subjected to verification studies

® .. showninDiagrim 1.~ Twepty-two of
these: colomes proved to be coliforms
accordmg to provxsxons of the test

‘0
. Percent ver1f1cat10n = ;: X 100
) ' = 88

. AN
B A percent venflcatxon figure ‘can be
applied to a direct membrane filter -<
.count per 100 ml to determine the veri-
fied membrane-filter count: per 100 ml
" of the test orgamsm. , ) ‘

Verified count per 100 m}.
of the test. organism

N

Pe rcent verification

. 100

count per 100 ml
of test organtsm”

. L4

Example: Fqr-a given-sample,‘by a
" direct mgmbrane.filter test, the fecal
coliform count was found to be 42,000
" per 100 ml, Supplemental studies on
selected colonies showed 92% verification

~

-Verified fecal ,
\ cohform count

[
0 ¢ .
|

Rounding off:

.

‘133,

_92v -
0 X 42,000 -

. 0592 X 42,000

38, 640

39,000 per 100 ml

O
N

e n

2
W e W




-
.

Verified Membrane.l?ilter Tests

. C A percentage of false-negative testg alsg* ¥ ., ‘application of verification percentages
' can be determined (See 11, C) . = ~Xgfrom'one sample to another should be ..
% - ' fter sufficient studies havee
Percent fal@ negatwe A e de 'dentonstrate the suxtabxlxty
such a procedure,

No. "negative' colonies foind positive % ‘100 __o' : \
Total No. "'negative™ colonies tested i e o ‘
(‘ -
o ° Exaniple: On 4 total dotiform test, =25 . Vil &SFE l\(ngV gg&;ﬁ‘;‘&égggﬂjm‘?s N
nonsheen, (cohform negative) oolony .

‘types were subjected to the coliform A Comparisons of data obtaidedfrom MF °
verification procedure shown in Dlagrarh -versus MPN methods have been the source
iolx;lo‘:;ozo;tileSCOIines p roved'to be Cof great concern to xrucrobxologxsts. For

. ’ . the current basis of comparisons, see °
— .. V2 Standard Methods (either 11th qr 12th
Perce.:,;t false n‘egat.xves 25 X 100 . edition) "'-- with-a provigo that it should
be used for determining the potability
of drmk&ng‘ water only aftéer parallel
testing had shown that it afforded infor-
mation equivalent to that given by the
standard multaple tube test, "

-

‘s g

N .
V1l ~SOME APPLICATIONS OF PERCENT
VERIFICATION CALCULATIONS
; . B Some workers have SOught to apply this
requff@ment on the basis of statistical
calculations, based on comparisons of
numerical values from membrane filtér
tests with numerical values obtained frém
. study of this
“of sample types and sources) is the better k ) gﬁ;ﬁ:ﬁ, t;ﬁ: i::zod:‘ldf;fteirent livgrkers
mediam, < T . have applied té the problem, caifbe made
o the basis of the appende:i reference 'igt

A. In comparisons between two Or more differ-"
ent membrane filter media, the ‘medium
which has-the highest percentag’e of veri-
flcatlon, and the lowest percentage of

« false negatives (based on a broad range

B IniJrOductivit}'_cirrlparieons between two“
or more different membrane filter-media,
_the medium which produces the highest verified membrane filter results on split

verified-membrane filter counts per 100 samples, compared with multiple-tube
ml, (based on a broad Fange of sample - - results, also-should take into account the
tyres and sources) is the better medium. question of the reliability of the multiple-

. tube test,. The numerical results of the
C The Vistrker is cautioned NOT to apply. Completed Test for coliforms, for example,
perceffage of verification determined <can be compared with the results of the

from one.sample, to other samples, For Confirmed Test, to determine a percentage

example, do not determine a percentage of verification for the multiple-tube-tegt:
verification on m- Endo broth for a samjple - . . .

taken fromothe Oh1o River on September 6,
and then seek to dpply that percentage (ii{"*'
verxflcatlon to anggher coliform determina- "5’ *Completed Test Coliforins per 100 ml X 100
tion from the Little Miami River, on the . .Bonfirmed Test Coliforms per 100 ml :
same date. Even the application ofithe 4 - ° ‘ . ' V-
* ,verification percentage to another Ohio Example:, On a given sample, the test

River sample, either on the same date ) was carried to the Compléted Test

" from a d1fferent station, or on another~ - stage. Afterward both a Confirmed
date from the same station, should be \ . Test anda Completed Test coliform

: undertaken with great caution. Such . resulf were obtained, consisting of -

v

Numerical comparisons between raw or

c

Ny

- - »
Percent verification =
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Verified Membrane Filter Tests .«

K]

) \ Table 1. VALIDITY OF MF AI;,ID‘I;IPN I'CONFIRMEB TEST"* ' . ' )
Number | MF Coliform Test MPN Confixjmed Test .
:  Soyrce of AN » Percent - Percent
. supplies Minimum Maximum Verifi.ed Mini.mum Maxi_mum verified
Wells - Springs - 16 1.0 1,600  96.6 + 7.0 11,000, 64.6 °
Lakes ~La'goons 23 . 1.0 (420,000 79.6 ) TR 490, 000 70.9’ ?
Creeks 19 32 ,zsof, 000 75.8 120 460,000 66.4
iﬁvers 22 320 8907000 9.7 © 700 . 350,000 75 7
Sewage o 1if 1, 400, 000 ze,o'oo"iooo " 68.6 460,000 49,ooo,oo$ 73.8
70.3

' Totals 91 . 78.1

‘ -

5
" #All coliform values are per 100 ml of sample w
k]

~ .1

b

» - 1

, |
- 49,000 per 100 ml for the Confirmed % . 3 *Geldreich, E.E., Jeter, H.L. anl! Winter ,

Test and 33,000 per 100 ml for the : J.A. Technical Considerationg in
.Completed Test. . Applying the Membrane Filter Pro- i
° 33 000 ; cedures. In Press. 1966. .
Percent verification| = m X 100 b '
P - - 4 Hoffman, D.A., Kuhns, J,H., Stewart, o
. = .67 . R.C. and Crossley, E.I. - A Co rison . .
‘ .. ' " of Membrane Filter Counts and Mokt °
See Table 1 for some studies of MF . Probable Numbers of Colifqrm\in San
- - -- verification studies, and parallel . * Diego's Sewage and Receiving Waters.
multiple-tubé-verification studies i JWPCF 36, 109-117. 1964. -
(Confirmed Tést carried to Completed : . . . N
Test). TheSe studies have been con- . 8 McCarthy, +J.A., Delaney, J.E. and
ducted in research laboratories of this . Grasso, R.J. Measuring Coliforms
- Center, and demonstrate the difficulty . in Water. Water and Sewage Works,
"and problems associated comparative C. 108, 238-243. 1961.
evaluation of membrane filtér v¥rsus o ‘
ol multiple-tube methods. The student is- . 6 Thomas, H,A,, Jr. and Woodward, R.L.
. invited. to, study this table at leisure. E Estimation of Coliform Density-by the T
¢ . ) . .. Membrane Filter and the Fermentat’ > N
! REFERENCES ' Tube Methods. American Journal .
, T , o Public, Health 45, 1431-1437. 1855, - .
} Delaney, J.E,, McCarthy, J.A. and . . .
: Grasso, R.J. Measurement of E. coli  °* .
.Type I by the Membrane Filter. '‘Water
and Sewage Works, 109, 289-294. 1962. - TFpis"oifiine was prepared by H; L. Jeter, h
! ‘ i Support Training Branch, .8
2 Geldreich, E.E., Clark, H.F:., Huff, ggggA??iizznnati?POlﬁo 45268g X \ "
. C.B. and Best; A.C. Fecal-Coliform- o .
Organism Mediim for the Membrana , ' .
Filter Technique. JAWWA 57, 208- . ht ‘
214, '1965. - - . . Descriptors: Quality Control, Filters, :
t e ; . . - "' Membrane, Enteric Bacteria, L °
) , > T Microorganisms, Laboratory Tests - -
- ™ > - l - ¢

R 1 R L
. ‘. ‘«‘..»s '. \/‘ . B ‘1_'4"“
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'!‘ INTRODUCTION

The first step in the examination of a water
supply for bacteriological examination is
careful rollection and handling of samples.
. Im’ormation from bacteriological tests is
. useful in evaluating water purification,
bacteriologicdl potability, waste disposal,
and industrial supply. Topics covered
include: representative site selection,
. . frequency, number, size of samples,
T satisfactory sample bottles, techniques of
;. . sampling,*labeling, and transport.
‘f N s .

I1 - SELECTION OF SAMPLING LOCATIONS

» The basig for locatihg sampling points is
collectmn of representative samples.

A Take samples for potability testing from
the distribution system through taps.
Choose representative points covering-
the entire system. The tap-itself should
be clean and connected direcfly into the
system. Avoid leaky faucets.-because of
- the-danger of washing in: extraneous

* bacteria. Wells with pumps may be

B w

-

collected for control data or application of
regulatory requ1rements. A grab sample

C For mtensive stream stud1es on sourcé”
* and extent of pollution, representative

£ _ method and time of sampling. The
sampling sites may be.a compromise
between physical limitations of the
laboratory, detection of pollution peaks,
and frequency of sample collection in-
cerfain types of surveys. First, decide
how many sa.mples ‘ane needed to be’
processed in a day. Second, decide
whether to measure cycles of immediate
pollfition or more average pollution.

Sites for measuring cyclic pollution are

s e immediately. below the pollution Source.
Sampling is frequent for examp‘le ‘every

‘A site designed to measure more average
v conditions is far enough downstream for
a complete mixing of pollution and water..

considered similar to distribution systems

- three hours, -
//-

COLLECTION AND HANDLING OF SAMPLES FOR |, : ,
BACTERIOLOGICAL EXAMINATION - ' ' N

u

B Grab samples from streams are frequently

can be taken in the stream near the surface

_ wsamples are taken by considering site,‘?

o
) - N hS

1 : t
.

Keep in mind that averaging does not .
remove &1l yariatiop but only minimizes
sharp fluctuations. Downstream sites
sampling may not need to he so frequent.

Samples nray be collected 1/ 4, 1/2 and
.+ 3/4 of the stream width at each site or .
- othersdistances, depending on survey
‘objectives. Often only one sample in the
‘channel of the stream is collected.
: sg-nples are usually takenenear the surface.
D. Samples from lakes or reservoirs are
frequently collected at the drawoff and
usually about the same depth and may be
collectedI over this entire $urface ‘

E Collect samples of bathmg beach water
at locations and times where the most
. _ bathers swim.

. &

I NUMéER, FREQUENCY AND SIZE

— OF SAMPLES ¢

A For determining sampling frequency for '
drinkingwater, consult the USEPA
Standards. : .

1 The total number, frequency, and site
are established by agreement with

either sta<te of USEPA author1t1es. "

2 ‘Phe minimum number depends upon the
number of users. Figure 1 indicates
that the smaller populations call for
relatively more samples than larger
ones. The numbers on the left of the
graph refer to actual users and not the
population shown by census. >

3 ‘In the event that coliform limits of the
standard are exceeded, daily samples
must be taken at the same site.
‘Examinatidns should continue ‘until two
consecutive samples show coliform - .
level is satlsfactory, Such samples
are to be considered as special samples
ahd shall not be inciuded in the tptal
number of sa.mples exammed

4 Sa.mphng programs descr1bed above
represent & minimum number which
may be increased by reviewing
author1ty = .

4 e




‘

Collections and Handling of Samples for Bacteriological Examination

° .

© [
P o
B For stream investigations the type of
study governs frequency of sampling.
L ]

C Collect swimming pool samples when use
" is heavy. The high chlorine level rapidly
, reduces the count when the pool is not in-

Popﬁlation

served:

Minimum number of
samples per month
25 t0 1,000 =========c=eccccmccccccu.-
1,001 to 2, 500

K, 2501 to 3, 300 - <

3,301 to 4, 100 -==--- ——eeeee e

. 4,101to 4,900 - -

' 4,901t0 5,800 + s==mm=meennas B it
5,801 to 6, 700 ‘ '
6,701 to 7, 600
7,601 to 8, 500
8, 5010 9,400 ~=-===-oSecccmcccanao- :

" 9; 401 to 10, 300
10, 301 to 11, 100
1,101 to 12, 000 ===c=ceemcaca- wem—eee
12,001 to
, 12,901 to
13,701 to.
14,601 to
. 15,501 to
16, 301 to
17,201 to
18,101 to
. 18,901 to
19,801 to 20, 700 ~=~=
20,.701 to 21, 500
21,501 to 22, 300 ~
22, 301 to 23, 200

17, 200 ==m=Seeieccceaan c———
18, 100 .
18, 900 ===~ cmelecmeene ——

24, 901 to 25; 000 ~~==~-- mm————— e

25,.001 t0 28; 000 =======cccmccmacamaan -
- 28,001 to 33,000 -=-i-c-cccmmcccea- ---
33,001 to 37, 0QgE™--~-- R
© 7 37,001 to 41, 000 “meecceeae-- emmmm————

" 41, 001 to 46, 000 ~~

" 46300120 50, 000 —cccccmcemmmcSeomliona
50, 0¥1 to 54, 000 -==-==-c-cccrecoc-- <= “60
54, 001 to 59, 000 ===veevmmccacncaa-" --= 65
59, 001 to 64, 000 ==<===caemccmcanccaan 70
64, 001 to 70, 000 ----- B T
70,001 to 76 Q00 ~==m=cenm- cememmema- 80
76,001 to 83,000 »=--=nocuuu- “emmenan . 85
83,001 %0 90,000 cccecctecmccciocaacan 90

35
40
45
50
55

-

FiGURE I

’

use. Residual chlorine tests are
necessary to check neufrali%ation ofs
chlgrine in the sample. ‘

Lake beaches may be sampled as required
depending on the water uses.

aon
Minimum number o
samples per month

Population
served:

90, 001 to 9 6 000
96,001 t6 111, 000 cccceun veemue—emaas
111,001 to 130, 000 : :
130,001 to 160, 000 ==m-omeeeeeaae FI.
160, 001 t0°190, 000 --ecww-- gmmmmmm———
190,001 to 220, 000 ewevewcwcommeacean
220, 001 to 250,000 --c-cema- —eeedemaa
250,001 to 290, 000

290, 001-to 320, 000

320,001 to 360,.000

360;001 to 4Y0, 000 =

410, 001 to 450, 060

450,001 to 500} 000

500,001 to 550, 000

550,001 to 600, 000

600,001 to 720, 000 .

720, 001 to 780, 000 - -=vccee-- T —
780,001 to 840, 000

840,001 fo 910, 000

910,001 to’ 970, 000

970, 001 to 1,050,000

1, 050, 001 to 1, 140, 000
1, 140, 001 to 1, 230, 000
1, 230, 001 to
1, 320, 001 to
1, 420, 001 to
1, 520, 001 to
1, 630, 001 to
1, 730, 001 t’1, 850, 000 -
1, 850, 001 to 1, 970, 000
‘1, 970, 001 to 2, 060, 000 =-=c=c-= m——————
2, 060, 001 to 2, 270, 000 ---
2, 270, 001 to 2, 510, 000
2, 510, 001 to 2, 750, 000
2, 750, 001 to 3, 020, 000
3, 020,001 to 3, 320, 000
3, 320, 001 to 3, 620, 000
3, 620, 001 to 3, 960, 000
3, 960, 001 to 4, 310, 000 ~=c=wemmccneass

L&Y

. 4,310, 001 to 4, 690, 000

47690, 001 or more

N

142




- Collection and Handling of Samples for Bacteriological Examination
j ~

-

A‘u hd .

Salt water or estuarine Beaches are

sampled as needed with frequency
depending on use. .

Size of sample-s depends upon examination
anticipated. Generally.100 ml is the
minimum size.

BOTTLES FOR WATER SAMPLES

The sgmple bottles should have capacity

* for afleast 100 ml of sample, plus an

air space. The bottle and cap must be of
bacteriological inert materials.
glass or heat resistant plastic are
acceptable, At the National Training
Center, wide mouth ground-glass _ _
stoppered bottles (Figure 2) are used.

All bottles must be properly washed and
sterilized. Protect the top*of the bottles
and cap from contamination by paper or

metal foil hoods. Both glass and heat

prow—esy
°

FIGURE 2 U4

we

Resistant -

resistant plastic bottles may be
sterilized in an autoclave. Hold plastjg~"
at 121°C for at least 10 minutes, Hot
air gterilization. 2 hours at 170°C, may
be used.for dry glass bottles. -
L
B Add sodium thiosulfate to bottles intended
for halogenated water samples. A quantity
of 0.1 ml of a 10% solution provides 100
mg per liter concentration in a 100 ml
sample. This level shows no effect upon
viability or growth.

C Supply catalogs list wide mouth ground
glass stoppered bottles of borosilicate
‘resistance glass, specially for water
samples.,

v TECHNIQUE OF SAMPLE COLLECTION
Follow aseptic technique as pearly as possible.
Nothing but sample water must touch the inside
of the bottle or cap. To avoid loss of sodium
thiosylfate, fill the bottle directly and do not -
rinse, Always remember to leave ap air space.

* In sampling from a distribution system, )

first run the fa’uce\y wide open until the P

service line is.cleared. A time of 2-3
» hinutes generally is sufficient. Reduce .
" .-the flow and fill the sample bottle without
Splashing. Some authorities stress flaming
the tap before collection, but the use of this

technique is now generally consideréd as value- .

less. A chlorine determination is often made
on the site; '

B The :bottle may be dipped into some.

waters by hand, Avoidntroduction
of bacteria from the hfiman hand and
from surface debris. Some suggestions
follow: Hold the bottle near the base .
with one hand and with the other remove
the hood and cap., Push the bottle
rapidly into the water mouth down and tjit up
up towards the current to fill. A depth
of aboutk6 incheg is satisfactory.. When
there is‘no current move the bottle- i
" through the water horizontally and,away -
*from the hand. Lift the bottle from the
water,’ spill a small amount of sample
lo provide an air space, and return the
\uncontaminate'd cap. L
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#~ . Collection and Handling of Samples for Bacteriological Examination -

]

' ’ @ .
C Samples may be dipped from swimming - '
2 pools{* Determine residual chlorine on ' e .

. the ppehwater at the site, Test the , : :
. s le at the laboratory to check chlorine . ]
oL eutralization by the thiosulfate. . o oo
. ¢ D Sample bathing beach water by wading out . T i
. to the two foot depth and dipping the Py 1 - . .
sample up from about 6 inches below the

surface, Use the procedure described in .
V. B, ‘ -

o~

3
- atle "

Wells with pumps are similar to ‘ ' ' ¢
.digtribution systdms. With a hand pumped
-+~ well; waste water for about five minutes -

before taking the sample. Sample a well . ' g '
without a pump by lowering a sterile  ° - [

bottle attached to a weight, A device which o1 ©

opens the bottle underneath the water —]

will avoid contamination by surface debris.

F Various types of sampling devices are . ) ,
available where the sample point is @
inaccessible or depth samples are desired.
The general problem is to put a sample o
‘bottle'in place, open it, close it, and ' ' ' h
return it to the surface. No bacteria but - '
those in the sample must enter the bottle. :

1 The J - Z sampler described by Zobell . -
- in 1941, was designed for deep sea . .
- sampling but is useful elsewhere (Figure)
. 3). It has a metal frame, breaking ,
device forsg glass tube, and sample .
bottle, '{l&eavy metal messenger®
* strikes the lever arm which breaks !
. tHe glass tubing at a file mark. A -
. . - - bentrubber.tube straightens 4nd the
i . . water is drawn in several inches from.
~the apparatus. Either glass or collapsible - .
A rubber bottles are sample containers. - L .

Commercial adaptations are available. ' ‘ ‘

2 Note the vane and lij{tnechanism on ' FIGURE 3 . s
L g )

- :
the New York State Cg Servation . . N
- Department's sanipler in Figure 4. . \ i ‘ x
S Xge:ughi:gi%aér;tx: ilss‘ :itvggqg Zi:fg th . Reproduced with permission of the Journal - ’;
: pull, Water eitia against the vane - Of Marine Researeh 4:3, 173-188 (1941) by .
raises the stopper and water p&gurs , wglfa?artment of anlth,. Education and o )

o into the bottle. ,Sufficient samplé is _ Te. : ~
. . collected prior to the detachment of . - .-
S the stopper from‘the vane arm allowing ' D C Lo
. a closure of the sample bottle. . . .o :
. The New York State Conservation . a ' .
Department's sarar}p’ler is useful for ‘ ' ‘ ' g
shallow depths and requires nothing - A . e
% besides glass stoppered sample bottles. T - ¥
-, N B ‘5«: 1 4:1 :

. ol .

BRSPS R

4



S REERR
” * .'53:37" . .
& :

. ' . .
Collection and Handling of Samples for Batteriological' Examination
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DATA RECORDING

.Information generally includes:

’ FIGURE 4
. - 1A
3 A commercial sampler s available
which is an evacuated sealed tube with
a capillary tip. When a lever on the
support rack breaks the tip, the tube’
fills, Other 'samplers exist with a

lever for pulling the stopper, while
another uses an electromagnet.

13

_ddte, timc
of colleetion, temperature of water, locatic
of sampling'poiht and name of the sample
colleétor. Codes are often used. The -
location description must be exact enough
to guide another person to the site.
Reference to pridges, roads, distance to
the nearest town may help. Use of the
surveyors' description and maps are
recommended. Mark identification orf the
bottles or on securely fastened tags.

' Gummed tags may soak off and are

inadvi sable. . o
/ ,W)Mf g
ey .

- e
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*
B While a sanitary survey is an mdiSpensable
part of the evaluation of a water supply, its
discussion is not within the scope of this
lecture, The sample collector cotild supply
much information if desired,

\

VI SHIPPING ‘Gf)NDITIONS 7

The exammatmn should commence as soon

as poss1b1e, preferably within one hour., A
.maximum elapsed time between collection and
examination is 30 hours for potable water
‘samples and 6 hours for other water samples
(time from collectlon todlaboratory delivery).
An additional 2 hours is-allowed from delivery
to laboratory to the completion of first-day
laboratory procedures. Standard Methods
(14th Edition) recommends icing of samples
between collection and testing.

'

PHOTOGRAPHS

A photograph is a sample in that it is evidence
representing water quality, Sample collectors
.and field engineers may 'carry cameras to
‘record what-they see. Pictures help the general
public and legal courts to better understand
laboratory data, -

v

-
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TESTING THE SUITABILITY OF DISTILLED WATER

FOR THE BACTERIOLOGY LABORATORY

4

I INTRODUCTION

, s
Standard Methods for the Examination of
Water and Wastewater (12th Edition) states;

. "Only distilled water or demineralized
water which has been tested an nd free
from traces of dissolved metals and bac- '

be measured by a biefop\ctest procedure )
isGutline deségibes a suitable .

procedure, )
B A need for such a test has been shown in
‘the lack of reproduéibility of plate counts
and'a possible cause of inconsistent re-
sults in split sample examinations.

II THEORY OF THE TEST PROCEDURE

N A Growth of Aerobacter aerogenes in a /
, = _chemically defined minimal growth medium.
The addition of a toxic agent™r a growth
. promoting substance will alter the 24 hr,
populgtion by an increase or decreabe of
. . 20% or more, "when compared to a contfol}‘,w
N ~ Aww'f( ,

- -

"Il APPARATUS AND MATERIALS
L . - : N ‘ - y
A Glassware - rinse all glassware in fre'shly
‘ redistilled water from a glass still. The
: sensitivity of the test depends upon the
3 cleanliness of the sample contamers, :
-flasks, tubes, and p1pettesv%< Use only
bords1hcate glassware i , .

M £y
ie @

¢ . - B Calture - any strain of coliform IMViC °
£ type -+ (A, aerogenes), This can be

R

easily obtained from any polluted river or
' sewage sample

-

A

v

. tericidal and inhibitory compounds may
., be Wsed for the preparation of culture i
and reagents. Bact®sjcidal co S may

SEE LTV

1-
-y

-

e
W

AGENN .

A Use, reagents of the hlghest pur1ty Some
brands of potassium dihydrogen phosphate
(KHyPOy) have large amounts of impurities:
The sensitivity, of the test is controlled in,
part by the pur1ty of the reagents employed

g -

“{" .Carbon source - S ium citrate, reagent,
.crystals (Na3C6H5 *2H90) 0.29g °
dissolved in 500 ml of red1st1lled water.

2 _lil_ig_ro‘ge’n source - Dissolve 0,60 g of
_ammonium -sulfate,/ reagent, crystals,
(NHy) 250y in 500 ml of redistilled
water.

3 Sdlt mixture solution - Dissolve the
following compounds in 500 ml of re-
“distilled water. ’

3

' Lo ¢

Magnesium sulfate, reagent, crystals
(Mgso4 * TH,0) 0.26 g.

(f‘alcium chloride, reagent, cryetals ’
(cacl, - 2H2,O)/0ﬁ7 g .

/Fe(ssulfate, reagent, crygt’alé .

(FeSO, - H,0) 0.23 g.

Sodium chloride, reagent, crystals .
. {NaC) 2,50 g )

Phosphate buffer ‘solution - Use a Ito
25 dilutiop of a stock phosphate solution
.prepared”by dissolving 34.0 gm of
potassium dihydrogen phosphate
(KH2P04) in.500 m¥-of distilled water, N
adjusting to pH 7.2 with 1 N NaOH and

- diluting to 1 liter w1th distilled water.

e

Toxic control - d1ssolve 0.40 grams-

CuSO4 - 5HyO in 100 ml of redistilled =~ .

water, D11ute 1:1000 for 1 mg per liter
Cu before use, . .

15-1 -
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" Testiflg the Suitabjlity of Distilled Water
. ~ \. N N R

’\ -~ . . -
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B ‘Sterilization 6f Rieagents

Unknown distilled water sample - either "
boil. for ohe minute or sterilize by mem-

" brane filtration.
Prepare reagentls with redistilled water
heated to boiling for 1 to. 2 minutes. .

. Phosphate buffer solution may be sterxlized
by MF filtration or: bo;ling :

- @& Solutions-are useful up to two weeks when-
stored at 5°C in sterilized glass’ stoppe red
bottles. :The salts solution must be stored
in the dark because sunlight results in
copious ferric ion precipitation, A slight
turbidity arising in the first 3 - § days
does not detract frcim the u ness of
the reagents. . : ‘

PROCEDURE
Ik T ‘ eg%-, .

. Collect 150 - 200 m1 of water sample in a
sterile borosilicate glass flagk and sterilize.
Label 3 flasks or tubes: A, B, and F.
Add water Samples and' redistilled
water to egch flask as indicated at the"
bottom of t\'ne ‘page. , .

? s

. STANDARD TEST

Control Unknown

Meédia "~ °
Reagents

Citrate —as .

Toxic
Dist. Water Control

" Ammonium’ sulfate -

. Salt mixture
MPhosphate buffer (7.-3 +. 1)

- _ Water,- 1 mg per liter Cu i

Unknown water

"Redistilled water 4
' - TOTAL VOLUME

* B Adda suspensxon of*Aerobacter aerogenes I

“(IMViC type --+4) of such density, that each
flask will contain 25 - 75 cells per ml.
Make ‘an in igl bacter,ial count by'plating
a 1 ml sample plate count agar. Incu--.
bate tests A-F at 32° or 35°C for 20 - 24°
hr. Make plate counts using dilutions of
1, 0.1, 0,01, 0.001 and 0,0001 ml.

PREPARATION QF A BACTERIAL
SUSPENSION

-

Bacterial Growth

S - .
On the day prior to per&ming the distilled
~water suitability test, culate a Strain of '
. Aerobacter aerogenes onto a riutrient agar
slant with a slope of apprbxunately 2-1/2
inches in-length contained in a 125 mm X |
- 16 min screw cap tube, Streak the entire |
agar surface to develop a continuous
growth film and incubate 18 - 24 hrs at
35°C; - - -

Harvesting Vizbte Celis

Pipette 1 - 2ml of sterile dilutxon ;water
from-a 99 ml watef blank onto the 18-24"
hr culture Emulslfy"the gro on 7 the

&
4

~

* OPTIONAL TEST

— f -

te A .
Food Nitrogen® Carbon
,Available Source * -Source

2

ISTL_TVNOILJO




slant by gently rubbing the bacterial film
with the pipette, being careful not to tear
the agar, and pour the contents back into
the original 99 ml water blank,

/C Dilution of Bacterial Suspension

’ Make a 1" - 100 dilution of the original
" bottle into a Second water blank; and a
further 1 - 100 ‘dilution of the second
.bottle into a third water blank, shaking
T ;' vigorously after each transfer. T
«~ s pipette 0.1 ml of the third dilution
(1:1, 000, 000) into each of the flasks A,
" B, and F (see Standard Methods for
. Examination of ‘Dairy Products, 12th ed.).
Sl This procedure steuld result in a final
dilutjon of the organisms to a range of
2%-75 viable cells-for each ml of test -

solution.

L

‘*t'“

?

D Verification of Bacterial D?léity

Var1at1ons among strains of the same

X organism, different organisms, medm,

“ . and surface area of agar slopes will..

; ' possibly necessitate adJustment of the

! dilution procedure to arrive.at a specific

==, .  density range between 25 - 75 viable cells.

i Y To establish the, ,growth range- numencally .

S for a specific orgamsm and’ mediuim, make °

5 a series of plate counts from the, third
dilutxon to determine the.bactenal dens1ty

. Then“choose the proper volume from this
third ‘dilution ‘Which when diluted by the 30

. nﬂ. inthe flasks, A, B, and F wxll

N

'

TEST

B
E “OPTIONAL®
F

+ contain 25 - 75 viable cells per ml. If
the procedures are standardized as to
surface area of the slfn% and laboratory,

technique, it is possible to reproduce re~ -

sults on repeated experiments with the

same strain of microorganisins,

[

E Procedural D1ff1cu1t1es

! -

By . Chlorine or chloramine distilling over

intoreceiver. Distilled water shouldbe -

checked by a suitable quantitative pro-
ceduore like the starch~iodide titration,

If chlorine is found, sufficient sodium thio= "

-~ sgulfate or sodium sulfite must be added.

2 —Unknown water sample stored 1ﬂ‘soft
glass containers or' glass containers
- without liners for metal taps.

3 Contamination of reagents of distilled

water with a bacterial background.

t

4 Incorrect dilution of A, aerogenes to
get 25 - 75 cells pei' ml, :

v N

_ 5 Gross contamination of the sample de-"
- .términed by the initial colony count be- °

fore inc ubatmn.

F Calculatlon

.

’
A3

. - X ',

k! Fof g;:owth 1nh1b1t1ng substances: .

~_colony courit'per ml Flask B-

colony count per ml Flask A

r.)
‘a Ratio 0.8 to 1.2 (mcluswe) shows
_ho toxic substances.

"<




. D Pl - )&. ., . " . . d___.o:‘;fﬁz"e e
’ , N\ "v:,*; . - o
o R . AN ‘
. -' [}
'resung:lgor Suitability of Distilled Viter &
T . . )y 2 . -
b ‘Ratio less than 0. 8" shows g 2 When the ratio exceeds 1.2, it may be .
' ‘inhibxting substances in wate sample. . assumed that growth stimulatin} subs- :
stancegware present. However,¥this .
2 For toxfc control Pprocedure is an extremely sepsitive :
. ‘ . test and -ratios up to 3.0 would have
colony count per ml Flask F - Ratio i little significance in actual practice. ~
colony count per ml Flask A, " " Therefore, Test C, D, and E'do not  * ° . P
- appear necessary except in spécial 3
OPTIONAL TEST - ] circumstances, when the ratjo. ig -
. - . . : between 1.2 and 3. 0. . -
% i e
-8 pf;’;;j"gg:;t;';i carbon sources that |, 3 Usually Flask C will be very low and ¥
- L. flasks D 'and E will have a ratio of less
. m~ : \" - than 1.2 when the ratio of Flask B/ -
o :gig:i coun o ML Flask C = Ratio Flask A is between 0,8 and 12, The '
: limiting factors of growth in Flask A..___
. 4 *For njtrogen sources thdat promote ’ are the nitrogen and organic carbon®
} . growthx= s present. An extremely large amount
) ' of ammonia nitrogen with no organic
. colony count per ml Flask D _ o .. . carbon could increase the ratlo “in ¢
. i colony count per ml Flask A ) Flask D above 1.2 or the &bsence of .
. l : ’ nitrogen with high carbon concentration
5 *For carbon sources that promote could give ratios above 1.2 in Flask
badterial growth E with an A/B ratio between 0.8 and "

. . . oS - 1. 2, .
oolon} count per ml Flask E _ Ratio . -
colony count per ml Flask A : 4 A ratio below 0.8 indicatesthe water ——

| T contains toxic subsidnces and this ratio
" ! includes alpallowable tolerances. As — _
~ indicated in item 2 (above), the 1.2 .
G Interpretation of Results ratio‘could go as high as. 3.0 without -
" . any undesirable results. T
1 The colony count frofn Flask A after . ., . o . gv

20 - 24 hours, at 350C will depend on . . 5 We are unnble to recommend cori'ec.tm (
. —__-the numbér of 6rganisms initially P measures in specific cases ‘of defective .
lanted in Flask A and on the strain of A, dxstxllatxon apparatus. Howeve r,_ a: .
R aerogenes used.in the test procedures, Tcars tion of ¢ n o)
--This is.the reason the control Flask A N equipment and a Yeview of product 0K
must be run for each individual series and handling of the distilled water . .
N of tests, “'Howéver, for a given strain showld enable the I6cal laboratory
p of A. aerogene s under identical \ personnel-to correct the cause of the kL
environmental conditions, the terminal . difﬁculty ’ T )
count should be'reasonably constant & ’ : J - ) .o
when«the initial plant is the same, ‘ o . s

Thu_s, it is essential that the initial
colony count on Flask A and Flask B
should‘be approximately equal to secure °
accurate data,

“ivs

*gnot attempt iculate ratios, 3, 4, or 7
-5 when ratio 1 indicates a toxic reaction, .

**Ratip in excess of 1.2 indicates ava«ilable

source for bacterial growth &

.
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o t - , Testing for Suitability of Distilled Water
Erner, @ - - . [ )
,.'_’—‘-f."" . pree
M CASE EXAMPLES
) bod . ) T, )

Test results for various distilled-water samples

: ) ' . TEST  CONTROL . -- ' .
) SOURCE ‘COUNT - <COUNT RATIO . INTERPRETATION S
s 1 - b
. . | -
s, 1 <' 100 ‘120, 000 R Toxic Substance
. 2 * 74,000 170,000 0.4 ‘Toxic Substance
‘3 18,000 14,000 1.3 Excellent water
- : ) - ~ \
. 4’ 21,000 . 14,000 1.5 Excellent water
5. “ 310,000 " 60,000 ., 5.2 - Growth Substance
: 6 ) 850, 000 ° "37,000 22.9 . Growth Substance 1
o " e ' ' . T A . - “ i
“us o / ¥ , A }
REFERENCES '* - . * 2 Geldreich, E.E, and H.F. Clark. Dis- |
- tilled Water Suitability for Microbiclogi~-
1 Standard Method§xfp,r Exammatmn of Water cal Applications, Journal Milk and Food
and Wastewater. 12th Edition. 1965, Technical. In Press. 1965, o -
2 . p 5178, R : . . . ‘
[ s A A}
. ’ - - > ——— —
) This outline was prenared by E. E QGeldreich.
’ ", Chief Bacteriologist, Water Supply Programs
e S ¥ . _" Division, WPO, EPA, Cincinnati, OH 45268,
4 ° . ’ . '
- ‘ . e ’ ) hd
- ‘ - R Descriptors: Bacteha, Mlcrobmlogy, -
< . .- . Laboratory, Water Supply, D;stﬂlatxon, ) :
: o . .« ' Water Quality Control i
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e " RESIDUAL CHLORINE AND TURBIDITY - . i

A
o’

I. INTRODUCTION , ] o
The Interim Primary Drinking Water Regulations (Federal Register, December 24, %
. 1975) pérmits the optfons of substitution of Wp-to 75 percent of the bac-
_teriolqgical samples with residual chlorine determinations. Any community ~ -
or non-c nity water system may avail themselves o¢ this option with
approval frpm the State based upon results of sanitary surveys. Residual
chlorine déterminations must be carried ot at the frequency of at least
four..fér each substituted microbio]ogica:§§a@p1e.
- 7 Since many potable water#plants carry out their own micfbbio]égica] deter-. -
' minations, it will be necessary that these laboratories be certified, for
Lo the bacteriological parameters. Residual chlorine determinations may be .
", « - carried out by any person acceptgble to the $tate and the-analytical -
method and,techniquey’used must be evaluated in some manner to assure-that
reliable irformation’is obtained.
< . % . .
. Yoo - ‘e by :
Since the presence &f high turbidity can interfere with the disinfection N |
’ . capability of chlorine,.a maximum alldwable 1imit has been set for turbidity -
as follows: ' « :

_ - .
A. One turbidity unit (TU) as determined by a monthly average except |
. that five or.fewer turbidity units may be allowed if the supplier
~ .. of water'Gan demonstrate to the State that the higher turbidity

3

~
'

does not 4
1. Interfere with disinfection,

. 9 . o
2. Prevent maintenance of residual of disinfectant throughout.
° distribution system, or, )

4

-3. Interfere with microbiological determinations.

B. Five turbidity units based on an average of two consecutive days. .
e _h]hefCriterfa and Procedures Document for Water Supply Laboratory Certifi-. B {
.. ; catiom suggests that-some quality control-guidelines-bé instituted for
" the residua] chlorine and turbidity measurements at the/State level for
the purpose of ‘ensuring data validity for these critical measurements.

L

In responSe~to public comments regarding the proposed Primary Regulations

‘ (Federal Register,’ December 24, 1975) it is stated that operators per-

- . forming residual ‘ch'lor-ingégénd turbidity analyses "....be cert;q'ied,
) approved, or at least minimally trained to perform the analyti aT tasks

before a State could accgé} their analytical determinations...." ~
v - w « . : . - .

f
2
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RESIDUAL CHLORINE

Since, residual chlorine analysis would be carried out in "field" conditions
or in the small laboratories of treatment plants, perhaps by unskilled
operatgrs,, tt:is necessary to keep the analytical method as simple as |
“ possible. For a number of years, operators had utilized the orthotolidine
-technique in-a kit form to determine.the-chlorine residual. Recent
studies and regulatory guidelines have dictated against this test procedure.
The aggeptable test procedure is now the DPD Test (13th Ed., Standard Methods
for the Examination of Water and Wastewater, pgs. 129-132), for which kits
are available from at least two companies and which meet requirements for *
accuracy and reliability. These Kits are capable of measuring both free
_..and -combined chlorine of which only the free chlorine is measured to meet
compliance requirements. Kit procedures call for a premeasured single
+ powder or tablet reagent added to the ftest cell with the sample and a
resultant color development measures by comparison the- standardized colors
within one minute. Standard Methods includes cautions regarding temperature
and pH.ggptro] regarding this test parameter and.this test procedure, the
DPD Test, is least effected by temperature and the pH is adjusted by the
added reagents. The only interfering substance Yoxidized manganese, can
be determined in a preliminary step and compens;%ed~{?r in the final .test
value. ' : .

TURBIDITY

Turbidity ?as Tong been used in the water supply industry for indicating proper
operational techniques. Turbidity shodld be clearly understood to be an ex-
pression of the optical property of a sample which causes Tight to be 'scattered

and absorbed rather than transmitted in straight lines through the.sample.
3 ] . . .

-

The standard method for the determination of turbidity has been based on the °
. Jackson candle turbidimeter.s However, the Towest turbidity value which can
be measured directly on the Jackson turbidimeter is 25 units which is well
above the monitoring level. Because of these low level requirements, the
nephelometric method was chosen and procedures are given'in Standard Methods *
(13th Ed., 1971). ' N ' ’

NEPHELOMETRIC MEASUREMENTS FOR COMPLIANCE MONITORING

’

. The subjectivity and apparatus deficiencies involved in wisual methods of
measuring turbidity make each unsuitable as a standard method.

SinceLturbid%ty is anfbxpression‘of the optical groperty'of scattering or
absorbing light, it was natural that optical instruments with photometers

would | be dev&loped for this. méasurement . : »

The t&pé of equipment specified for compliance monitoring(3’6) utilizes
nephe]ometry. - N ~ o ‘

A. Basic Principle(7) R - I [

The intensity of 1ight scattered by the sample is compared {under defined
conditions) with the intensity of light scattered by a standard reference
solution (formazin). The greater. the intensity of scattered 1ight, the
greater the turbidity. Readings are made and reported in NTUs (Nephelometric
Turbidity Units). ~ ' e . -
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. v 2. Number of Photocel]s

| : \
- i J—_ - ﬁ .
B. Schematic D
3 . . (\ ) { :
' “Meter ' L )
F ) - . R
N .. " ©
) o : - N
Photocells) .

Tur'bidny Parllcles
Scatter Light

il

\/ggmple’ Cell

7 (Top View)
Figure 2 'NEPHELOMETER

S . (90° Scatter)

Light pasges through a polari 1ng lens and \gn to the sample in.a cell.
Suspended particles (turbidity) in.the sample tter ‘the Tght.

Photocel](s) detect 1ight scattered by the part1c1es at a 90° angle to the
“"path of the incident 1ight. This 1ight energy is converted.to an electric
_ signal for the meter to measure.

~a

1. Direction of Entry of-Incident Light to Cell- ' s
. .
. a. The lamp might be positioned as shown in the schematic so the
> beam enters a sample horizontally.

b. Another instrument des1gn has the 1ight beam entering the sample
;- (in a flat-bottom cell) in a vertical direction with the photocell
. positioned accord1ngly at a 90° angle to the path-of incident 11ght

<

' . The schemat1c shows the photocell(s) at one 90° angle to the path of
the incident light. An instrument might utilize more than one photo-
cell position, with each f1na1 pos1t1on being at a 90° angle to the

. sample 1iquid. e

4

~

3. "Meter Systems

a. The meter m1ght measure the signal from the scattered 11ght in-
) tén51ty only )
b. The meter m1ght measure the signal from a rat1o of the.scattered
1ight versus light, transm1tted directly through, the sample toa .
photocell - ' g

LT ) - .
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C. EPA

1.

Meter Scales and Calibration !

Al

‘a. The meter may already be calibrated in NTUs. In this casey

at least one standard is rup in each instrument rande to be
used in order to check the accuracy of the calibration sca1es

. If a pre-calibrated scale is not’ suppi1ed a ca11brat1on curve

is prepared for each range of the instrument by using appropriate

- dilutions of the standard turbidity suspension. ~

Specifications for Instrument Design{Z)

. Even when the same suspenS1on is used_for ca11brat1on of different
nephelometers, differences in phyS1ca1 design of the turbidimeters will
cause differences  in measured values for the turbidity of the same sample.
To minimize such differences, the following design variables have been
specified by the U. S. Env1ronmenta1 Protect1on Agency.

Defined Specifications -
a. ‘L1ght Source

Tungsten 1amp operated at not less than 85% of rated voltage
and at not more than ratedt_cltage ~ .

b. Distance Traveled by Light -

The total of the distance traversed by the incident 1ight-plus
scattered ]1ght W1th1n the ‘'sample tube Should not exceed 10 cm.

(’:T Angle of Light Acceptance of the Detector )
o Detector centered at 90° to the 1nc1dent 1light path and not to

exceed " ¥-30° from 90°.

3

_(Ninety degree scatter 1s'Specified because the amount of scatter
varies with size of particles at different scatter angles).

& v

d. Abp]icable”Range ; : '

.(The maximum turb1d1ty “to be measured-is 40 un1ts Several ranges'

will be necessary to obtain adequate coverage. Use d11ut1on for
samples if their turbidity excegpds 40 units.

Other EPA Design Specifications <
a. Stray Light

-

Minimal stray 139ht $hould reach the photocell(s) in the absence
_of turb1d1ty. .

1
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3) . Light leakages in the’instrument system.

. The ‘turbidimeter should be free from significant drift after a

- overall instrument sensitivity for all ranges

) . for Tow turbidities. L

émples of instruments meet1ng the spec1f1cat1ons lfsied in 1 and 2
boxe include: . , e

Some cause;<of stféy Tight reaching the photocell(s) are:
1) Scratches or imperfections in glass cell windows.

2) Dirt, film or condepsatiop on the glass.
A schematic of these causes is shown in Figure 3.
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.t Light Scatter’by glass tube
(Top View)

‘Figure 3 NEPHELOMETER.
" .’ 'SOURCES OF STRAY LIGHT

Stray 1lght error can be as much as 0.5 NTU.”. Remedies are .
“close inspection of sample cells for 1mperfect1ons and dirt,
and good design®which can minimize the effect of stray light
by cogtr0111pg the angle at wh1ch it reaches-the sampl\ '

Drift

short warm=up period. This is imperative if the anatyst .is
relying on a manufacturer's solid scattering standard for setting .

Sénsitivity

In waters having turb1d1t1es 1ess than one unit, the instrument
should -detect turbidity differences of 0.02 unit Or less.
Several ranges will be necessary to obtain sufficient sens1t1v1ty
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Hach Turb1dimeter Model 2100 and 2100A

Hydrof1ow Instruments DRT 100, 200, and 1000. Ce h.,f
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Other turbldlmeters meet1hg the 11sted specifications are a]so
acceptable.

2
Sources of Error
1. ..Sample C&lls ‘O R . | ¢ ' «
©a. Digcard.§€;atched or etched geils. B
b: Do not touch cells where light strikes them ip instrument.
c. Keep cells scrupulously clean, insidé and out.(a)
1) Use detergent solution. . AR .
"g) Orgaqjg solvents may also be used.- ’
3)  Use deionized water rinses: |
4). Rinse and dry with alcohol or acetone.
2. Standand1z1ng¢Suspens1ons( ) ; | o . L
a. Use turbidity - free water for preparations. Filter distilled
water through a 0.45um pore size mgmggane filter if such filtered
. water shows a 1ower turbidity than the distilled water.
'.bl. Prepare a new stock suspension of Formazin each month.
c. Prepare a new standard suspens1on and dilutions of Formazin . B
each week. + , i
3. Sample Interferences -

(

a. Positivé

"1) Finely divided air bubbles

“b. Negative - ’
~ 1) Floating debris
ﬂQ_— 2) Coarse sediments (settle) . ‘ . (.

3) ' Colored dissolved substances
(absorb light)
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. .Reperting’Resu]ts(7) 2 4

NTU % RECORD TO NEAREST
0.05
0.1
10-40 - 1
sw0-100 B
100-400 10,
- 400-1000 L 50
‘>]000'
Precision and Accuracy(7)
1. 'In a Single Taboratory:(EMSL), using surface water samples at
levels of 26, 41, 75 and"180 NTY, the standard diviations were
+0.60} $0.94, +1.2 and #4.7 units, respectively.
/,/2’” Accuracy data is not available at this time.
STANDARD SUSPENSIONS AND RELATED. UNITS(g) }
One of the critical problems in measur1ng turb1d1ty has been to f1:: a
material which can.be made into a reproducible suspens1on with uniform sized
particles. Various materials have been used. . L
A, Natural Materials
" "1, Diatomaceous earth
Fuller's earth’
Kaolin o
Natu}ally turbid wateee

*Such suspens1ons are not suitable as reproduc1b]e standards because
there is no way to contrel the s1ze of the suspended particles. - .

- — Sy

*

B. Other mater1ais
1. éround g]asg
2. Microorganisms
3. ' Barium Sulfate
- 4.’ lLates spheres -

Suspensions of these also proved: inadequiteé

. * »
-7




- © C. Formazin | '
1. A polymer.formed by reacting hydrazine sulfate- and hexamethylenete-
* tramine sulfate. - . .

2. It is more reproducible than previously used standards. Accuracy -
of & one percent for replicate solutions has been reported.

3. In 19585 the Association of Analytical ghemists initiated a standard-
ized system of turbidity.-measurements for &he brewing industry by:

: a. Defining a standard formula for making stock Formazin solutions
: and - .

“

i b, Designating a unit of measurement based on Formazin, i.e., the
Formazin Turbidity Unit (FTU).

4. During the 1960's Formazin was increasingly used for water quality._
turbidity testing. It is the currently recognized standard fo
compliance turbidity measurements. . .

.t > -
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D. Units ° - T . .

4

Y

1. At first results were translated into Jackson Turbidity Units (JTU).
' However, the JTU was derived from a visual measurement using con=
centrations (mg/liter) of silica suspensions prepared by Jackson.
They have no direct relationship to the ‘intensity of light scattered
¢ at 90 degrees in a nephelometer. , .

1

2. For a few years, results of nephelometric measurements using’specified

Formazin standards were reported directly as Turbidity Units (TUs).

3. Currently, the unit used is named according to the “instrument used for. -
measuring turbidity. Specified Formazin standards-are used to calibrate
the instrument and results are reported as Nephelometric Turbidity

Units, (NTUs). ' . « . =

_VI. - SUMMARY

. .

) The importance of residual chlorine determination can be seeniiﬁ its possible _ ¢
- . . effect on the health of the_consumers. The Criteria and Procedures for £
v Laboratory Certification suggests that some form of quality assurance should
" be instituted on a state level to assure valid data for both the chlorine and
turbidity measurements. The commentS on thg public responsges to the proposed
Interim Primary Regulations also suggests some form of quality assurance on
the state level to be instituted. Consequently, the Regignal Certification team
- should point out to the principal laboratories the importance of some kind of
effort being .instituted. States might wish to offer some kind of formal
- training effort as’ part of the approval mechanism for the operators dding
.» the chlorine and/or turbidity measurements. . . g
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